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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA. 


VoL. 1, pfc. 1, 1856 (out of print) : Coal and Iron of Talchir.—^Talchir Coal-field.— 

Gold-yielding deposits of Upper Assam.-—Gold from Shu6-gween, Pt, 2, 
1858 (out of print) : Geological structure of a portion of Khasi HiUs.— 
Geological structure of Nilgiri Hills (Madras). Pt. 3,1859 (out of print) : 
Geological structure and physical features of districts of Bankura^ Mid- 
napore, and Orissa.—Laterite of Orissa.—Fossil fish-teeth of genus 
Ceratodus, from l^ialedi, south of Nagpur. 

Voii. II. Pt. 1, 1860 (out of print) : Vindhyan rocks, and their associates in Bundel- 

kand. Pt. 2, 18^ (out of print) : Geological structure of central portion 
of Nerbudda District.—Tertiary and alluvial deposits of central portion 
of Nerbudda Valley.—Geological relations and probable age of systems 
of rocks in Central India and Bengal. 

Von. in. Pt. 1, 1863 {out of print) : Eaniganj Coal-field.—Additional remarks on 

systems of rocks in Central India and Bengal.—Indian Mineral Statis¬ 
tics, I- Coal. Pt. 2, 1864 {out of print) ; Sub-Himalayau Ranges 
between Ganges and Ravi. 

VoL, IV. Pt. 1, 1863 {out of print) : Cretaceous Rocks of Trichinopoly District, 

Madras. Pt. 2, 1864 (out of print) : Districts of Trichinopoly, Salem, 
etc. Pt. 3, 1865 {out of print) : Coal of Assam, etc. 

Von. V. I’t. 1, 18u5 {out of print) : Sections across N.-W. Himdlaya, from Sutlej to 

Indus.—Gypsum of Spiti. Pt. 2, 1866 {out of 'j^ni) : Geology of Bom¬ 
bay. Pt. 3, 1866 (out of print) : Jhoria Coal-fiwd.—Geological Observa¬ 
tions on Western Tibet. 

VoL. VI. Pt. 1, 1867 (out of print) : Neighbourhood of Lynyan, etc., in Sind^— 

Geology of portion of Cutch. Pt. 2, 1867, Eop. 1908 (price 2 Rs.) : 
Bokdro Coal-field.—Bamgarh Coal-fiold.—Traps of Western and Central 
India. Pt. 3, 1869 (price 2 Rs. 8 As.) : Tapti and Nerbudda Valleys,— 
Frog-beds in Bombay.— Oxyglosmt pusillua, 

Vot. VII. Pt. 1, 1869 (price 3 Rs.) : Vindhyan series.—Mineral Statistics.—Coal.— 

Shillong Plateau. Pt. 2, 1870 {out of print) : Karharbari Coal-field.— 
Deoghar Coal-field. Pt. 3, 1871 (out of print) : Aden water-supply.— 
Karanpura Coal-fields, 

Voi. VIII. Pt. 1, 1^2 (pTiVc 4 Rs.).: Kadapah and Karnul Fonnations in Madras 

Presidency. Pt. 2, 1872 (price 1 Re.) : Itkhuri Coal-field.—Daltonganj 
Coal-field.—Cbope Coal-field. 

Vot. IX. Pt- 1, 1872 (price 4 Rs.) : Geology of Kutch. Pt. 2, 1872 (price 1 Re.) : 

Geology of Nagpfir.—Geology of Sirban Hill.—Carboniferous Am¬ 
monite. 

VOL. X. Pt, 1 (price 3 Rs.) : Geology of Madras.—BiHpura Coal-basin. Pt. 2, 1874 

(price 2 Rs.) : Geology of Pegu. 

VoL. XI. Pt. 1, 1874 {price 2 Rs.) : Geologj^f Darjiling and Western Dnars. Pt. 2, 

1876 (price 3 Rs.) : Salt-region of Kobdt, Trans-Indus. 

Voi». XII. Pt. 1, 1877 (price o Rs.): South Mahrdtta Country. Pt. 2^ 1876 (price 

2 Rs.); Coal-fields of Naga Hills. 

VoL. XIIL Pt. 1, 1877 (price 2 Rs. 8 As.) : Wardha Valley Coal-field. Pt. 2, 1877 

(price 2 Rs. 8 As.) : Geology of Rdjmahdl Hills. 

Von. XIV. 1878 (price 5 Rs.): Geology of Salt-range in Punjab. 

Vot. XV. Pt. 1, 18TO (price 2 Rs. 8 As.) : Anrunga and Hut4r Coal-fields (Palamow). 

Pt. 2, 1^ (price 2 Rs. 6 As.) : Ramkola and Tatapani Coal-fields 
(Sirguja). 

Vot. XVI. Pt. 1, 1^9 (price 1 Re. 8 As.) : Geology of Eastern Coast from Lat. 15® 

to Masulipntam. Pt. 2, 1880 (price 1 Re. 8 As.) ; Nellore Portion of 

Carnatic. Pt. 3, 1880 (price 2 Rs.) : Coastal Region of €k»ddvari 
District. 

Vot. XVn. Pt. 1, 1897 (price 3 Rs.) : Geology of Western Sind. Pt. 2. 1880 (price 

2 Rs.) : Trans-Indus extendon of Punjab Salt-range. 

Vot. 'XVIII. Pt. 1, 1881 (price 2 Rs.) : Southern Afghanistan. Pt, 2, 1881 (out of 

print) : Mdnbhnm and Singhbhum. Pt. 3, 1881 (price 2 Rs,] : Pr^nhita- 
God&vari Valley. 
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XXVIT. 


Vot. XXVIII. 


Vot. 

Vot. 


XXIX. 

XXX. 


Vot, XXXL 


Vot. XXXI1. 


Vot. XXXITL 


Vot. XXXIV. 


. Pt. I, 1882 (prif'i 2 Rs.) : Cachar Earthquake of 1869. Pt. 2, 1882 {pnce 
X Be.); Thermal Springs of India. Pt. 3, 1883 (p/ice 1 Re.) : Catalogue 
of Indian Earthquakes. Pt. 4^ 1883 {out of print) : Geology of [>nrts of 
Manipur and Naga Hills. 

Pt. 1^ 1883 (out of print) : Geology of Madura and Tinnevelly. Pt. 2, 1883 
of print) : (Joology notes on Hills in neighbourhood of Sind and 
Punjao Frontier between Quetta and Dora Ghazi Khan. 

Pt. 1, 1884 i^out of print) : Geology of Lower Narbada Valley. Pt, 2, 1884 
{out of print) : Geology of Kathiawar. Pt. 3, 1885 (oat of priat) : Coal* 
held oi Soutn Rewah Pt. 4, 1885 {out of mint) : Barren Island. 

1833 (price 6 Rs.) : Geology of Kashmir, Chainba, and Khagan. 

1891 (price 5 Rs.): Geology of Central Himalayas. 

pt. 1,1887 (out of print) :^uthorn Coal-fields of Satpura GondwAna basin. 
Pt. 2, 1890 {out of print) : Geology of Sub-Himalaya of Gai-hwal and 
Kumaun. Pt. 3, 1890 {out of print) \ Geology of South Malabar, be¬ 
tween Beypore and Ponndni Rivers. 

1896 {out of print) : Geology of BeJIary District, Madras Presidency, 

1896 (out of prinf): Geology of Hazara. 

Pt. I, 1896 (out of print) : Marino Fossil from Mioceno of ITppor 
Burma. Pt. 2, 1897 (out of print) : Petroleum in Burma and its techni¬ 
cal exj^oitaiion. 

Pt. 1, 1898 (price 2 Rs.) : Geological Structure of Chitichun region.— 
Allahbund in north-west of Ram of Kuelih.—Geology of parts of Myin- 
gyuu, Magwe and Pakokku Districts, Burma.—Geology of AUkir Hills 
m Assam.—Geology of Timh and Bazar valley. Pt. 2, 1900 (out of 
priT/f) ; Charnockite Series, group of Arebsean Hypersthenic Rocks in 
PoniiiBular India. 

1900 (price 5 Rs.) : Earthquake of 12th June 1807. 

Pt. 1, 1900 (price 2 Rs.) : Aftershocks of Great Earthquake of 12th June 
1897. Ft. 2, 1900 [price I Ro.) : Geology of neighbourhood of Salem, 
Madras Presidency. Pt, 3, IWl (price 1 Re.) : Sivamalai Series of 
ElH'olitc-Syenites and Corundum Syenites. Pt. 4, 1001 (price 1 Re.) : 
Geological Congress of Paris. 

Pt. 1, lOOl (price. 2 Rs.) : Geology of Son Valley in Rewah State and of 
Parts of Jabalpur and 'Mir 2 ax>ur. Pt. 2, 1901 [price 3 Rs.) : BaluchiB* 
tan Desert and part of Eabtern Persia, Pt. 3, 1901 (price 1 Re.) I 
PoridotitoR, Serpentines, etc., from Ladakh. 

Pt. 1, 1901 (price 1 Be.) : Recent Artesian Experiments in India. Pt. 2, 
1901 (price 2 Rb.) : Rompur Coal-field. Pt. 3, 1902 (price 3 Rs.) t 
“ Exotic Blocks ” of Malla Johar in Bhot Mahals of Kumaon. Pt, 4, 
1904 (price 3 Rs.): Jammu Coal-fields. 

Pt. 1, 1901 (price 8 Ra.): Kolar Gold-field. Pt. 2, 1901 [price. 2 Rs.); 
Art. 1 : Gold-fields of WainSd. Art. 2 : Auriferous Quartzites of 
Parhadiah, Chota Nagpur. Art. 3: Auriferous localities in North 
Coimbatore. Pt. 3, 1902 [price I Re.) : Geology of Kahihandi State, 
Central Provinces. 

Pt. 1, 1901 [price 1 Re.) : Peculiar form of altered Peridotite in klysore 
State. Pt. 2, 1902 [price 3 Rs.) : Mica deimsite of India. Pt. 3, 1903 
[price 1 Re.) : Sandhills of Clifton near Karachi. Pt. 4, 1008 [price 
4 Rb.) ; Geology of Persian Qnlf and adjoining portions of Persia and 
Arabia. 


Vot. XXXV. Pt. 1, 1902 {price 2 Rs.) : Geology of Western Rajpuhana. Pt. 2, 1903 

[price 1 He.) ; Aftershocks of Great Earthquake of 12th June 1897. 
Pt. 3, 1904 [price 1 Re.) : Seismic phenomena in British India and their 
connection with its Geology. Pt. (in the Press) : Geology of Androman 
Iclands, with references to Nicobara. 

Vot. XXXVI. Pt. 1, 1904 [price 4 Hs.) : Geology of Spiti. Pt. 2, 1907 [price 3 Rs.) ; 

Geology of Provinces of Taang and 0 in Central Tibet. 

Vot. XXXVII. Manganese-Ore Deposits of India. Pt. 1 (price 3 Rs.) : Introduction and 

Mineralogy. Pt. 2 {price 3 Rs.) : Geology. Pt. 3 {price 3 Rs.) : Economu-B 
and Mining, Pt. 4 (price 6 Rs.): Description of Deposits {in the 
press). 

Vot. XXXVIII. {In the Press) ; Kangra Earthquake of 4th April 1905. 



PAL^ONTOLOGIA INDICA. 


(See. I, III, V, VI, VI11.)—CRETACEOUS FAUNA OF SOUTHERN INDIA, hy 
F. STOLIOZKA, except VOL, I, Pt. 1, hy H. F. BLANFORD. 

See. I& III. —VoL. 1. The Cephalopoda (1861-66), pp. 216, pis. 94 (6 double). 

V.—VOE. 11. The Gastropoda (186’/-6«), pp. xiii. 800, pis. 28. 

VI.—VoL. 111. The Pelecypoda (1870-71), pp. xxii, 637, pis. 50. 

VIII.—VoL. IV. The Brancniopoda, Ciliopoda, Echinodermata, Corals, etc. (1872- 

73), pp. V, 202, plB. 29. 


(See. If, XI, XII.)--TUE FOSSIL FLORA OF THE GONDWANA SYSTEM, hy 
O. FEISTMANTEL, except Vol. I, Pt. 1, hy T. OLDHAM and J. MORRIS. 

VoL, I, pp. xviii, 233, pis. 72. 1863-79. Pt. 1; Rdjraahil Group, Rajmahal Hills, Pt. 2; 

The same [continued), Pt. 3; Plants from Golapili. Pt. 4; Outliers on 
the Madras Coast, 

Vot. II, pp. xR, 115, pis. 26, 1876-78. Pt. 1; Jurassic Flora of Kach. Pt. 2; Flora of 

the Jabalpur Group. 

VoIn III, pp. xi, 64+149, pis. 80 (9 double) (I—XXXI+IA—XLVIIA). 1879-81. Pt. 1; 

The Flora of the Talcbir-Karharbari beds. Pt. 2; The Flora of the 
Damuda and Panchet Divisions. Pt. 3; The same (concluded), 

Vol. IV, pp. xxvi, 25+ 66, pis. 35 (2 double) (I—XX + IA—XLVA). Pt. 2 (1886); 

Fossil Flora of the South Rewah Gondwana basin. Pt. 2 (1886), 
Fossil Flora of some of the coal-fiolds in Western Bengal. 


(See. IX.)^URASSIC FAUNA OF KACH. 


Vol. I (1873-76). 

Vol. ir, pt. 1 (1893). 

Vol. II, pt. 2 (1900). 

VoL. Ill, pt. 1 (1900). 

Vol. Ill, pt. 2 (1003). 


The Cephalopoda, by W. Waaobn, pp. i, 244, pis. 60 (6 double). 
The Ecninoidea of Kach, by .J. W. GHEfsoBY, pp. 12, pis. 2. 

The Corals, by J. W. Gheoory, pp. 196, I—IX, pis. 26. 

The Brachiopoda, by F. L. KrrcniN, pp. 87, pis. 15. 
Lamellibranchiata : Genus Trigonia, by F. L. Kitchin, pp. 122, 
pis. 10 (out of print). 


(See. IV.)—INDIAN PRE-TERTIARY VERTEBRATA. 

Vol. 1, pp. vi, 137, pis. 26. 1865-85 Pt, 1 (1865); The Vertebrate Fossils from the 

Panchet rocks, by T. H. Httxley. Pt. 2 (1878); The Vertebrate Fossils 
of the Kota-Maleri Group, by SiE P. db M. Gret Eoeeton, L. C. Miall, 
and W. T. Blanfobd. Pt. 3 (1879); Reptilia and Batrachia, by R. 
Ltderkee. Pt. 4 (1085); The Labyrinthodont from the Bijori group, 
by R, Lyuekker {out of ^rint). Pt. 5 (1885); The Reptilia and Am¬ 
phibia of the Maleri and Denwa groups, by R. Lydekkee (out of print). 


IBeb. X.)-INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA, hy 
R. LYDEKKER, except Vol. I, Pt. 1, by R. B. FOOTE. 

Vol. 1, pp. zxx, 300, pis. SO. 1874-80. Pt. 1; Rhinoceros deccanensis. Pt. 2; Molar 

teeth and other remains of Mammalia. Pt. 3; Crania of Ruminants. 
Pt. 4; Supplement to Pt, 3. Pt. 5; Siwalik and Narbada Proboscidia. 

Vol. II. pp- zv, 363, pis. w. 1081-84. Pt, 1; Siwalik Bhinocerotidae. Pt. 2: Snpple- 

ment to Siwalik and Narbada Proboscidia. Pt. 3; Siwalik and Naroada 
Equidse. Pt, 4; Siwalik Gamelopordalidfe. Pt, 6 j Siwalik Selenodout 
Su|na, etc. Pt. 6; Siwalik and Narbada Carnivora. 





Voh. Ill, pp. xxiv, 264. pis. 38. 1884-86- ^ Pt. 1; Additional Siwalik Pcrissodactyla and 

Pi'obosoindia. Pt. 2; Siwalik and Narbada Bunodont Snina. Pt. 3, 
Rodentg and new Ruminants from the niwalilcs. Pt. 4j Siwalik Birds. 
Pt. 5j Mastodon Teeth from Perim Island. Pt. 6; Siwalik and Nar. 
bada Chelonia. Pt. 7; Siwalik Crocodilia, Lacertilia and Ophidia, 
Pt. 8; Tertiary Fishes. 

Vou IV, pt. 1 (1866). Siwalik Mammalia (Supplement 1), pp. 18, pis. 6. 

VoL. IV, Pt. 2 (1886). The Fauna of the Karnul caves : and addendum to pt. 1 j pp, 40 

(19—58), pis. 5 (vii“Xi). 

VOL. IV, pt. 3, 1887. Eocene Chenolia from the Salt-range; pp. 7 (59—65), pis. 2 (xU- 

xiii). 


(Ser. VII, XIV.)-TERTIAnY AND UPPER CRETACEOUS FAUNA OF WESTERN 
INDIA, by MARTIN DUNCAN and W. PERCY SLA DEN, except Pt. 1, by 
F, STOLICZKA. 

VoL. I, pp. 16+110-1-582-1-91=599, pis. 5+28+68+13=104. 1871-85. Pt. 1: Tertiary 

Crabs from Sind and Kach. Pt. 1 (new 2); Sind Fossil Corals and 
Alcyonaria; by P. Martin Dnncan. Pt. 3: The Fossil Echinoidea of 
Sind : Fas /, The Cardita beauwonti leds; Fas. The Ranikot Series 
in Western Sind; Fas. S, The Khirthar Series; Fas. 4, The Nari 
(Oligoceno) Series; Fas 6, The Gaj (Miocene) Series; Fas. G, The 
M^ki'dri (Pliocene) Series; by Duncan and Shiden, Ft. 4 ; The Fossil 
Echinoidea of Kach and Kattywar; by Duncan, Sladen and Blanford. 


(S£n. XIII.)--SALT-RANGE FOSSILS, by WILLIAM WAAGEN, Pn.D. 

Produclu3-LiTno&tone Group : Vot. I, pt. 1 (1879). PiBces, Cephalopoda, pp. 72, pla, 6. 

,> „ „ n 2 (1^0). Gastropoda and supplement to pt. t, 

pp. Ill (75-183), pis. 10 (1 double), (vii— 
xvi). 

„ 3 (1881). Pelccypoda, pp. 144 (185-328), pis. 8 
(xvii—xxiv). 

„ 4 (1882—85). Brachiopoda, pp, 442 (329—770), 
pis. 62 (xxv—Ixxxvi). 

5 (1to 5). Bryozoa—Annelidas—Echinodermata, 

pp. 64 (771—834), pis, 10 (Ixxxvii—xevi), 

„ 6 (18w). Cmlenterata, pp. 90 (855-9^), pis, 20 
(xcvii—cxvi). 

„ 7 {18o7). Coelenterata, Protozoa, pp. 74 (926— 
6w), pU. 12 (cxvii—cxxviii). 

Fossils from the Coratite Formation : Vol. II, pt. 1 (1885). Piscus—Ammonoidea, pp. 324, 
pis. 40. 

Geological Results : Vol. IV, pt. 1 (1809), pn. 1—88, pis. 4 (out of print). 

„ „ ,, „ 2 (1891), pp. 89—242, pis. 8 {out of print). 
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(Sbe. XV.)-HIMALAYAN FOSSILS. 

Upper-trinasic and liassic faunas of the exotic blocks of Malla Johar in the Bhot Mahals of 
Kumaon : Vol. I, pt, (1908), by Dr. 0. Diener, pp. 100, pis. 16 ^ double). 

Anthraoolithic Fossils of Kashmir apd Spiti i Vol. I, pt. 2 (1899), by Dr. C. Diener, pp. 96, 

plSt 8« 

The PermocarboniferouB Fauna of Ohitichun No. I : Vol. I, pt. 3 (1897), by Dr. C. Diener 
pp. 105, pis. 13. 

The Permain Fossil of the Products Shales of Kumaon and Garhwal ; Vol. I, pt 4 (1897) 
by Dr. C. Diener, pp. 64, pis. 6. j r > n 

The Permian Fosuia of the Cfentral Himalayas : VoL I, pt. 5 (1903), by Dr. C, Diener, 
pp* 204, pie* 10* 

The Cephalopoda of the Lower Trias ; Vol. If, pt. 1 (1097), by Dr. C. Diener, pp. 102, 

plSs 23« 

The ^phalopoda of the Moschclkalk : Vol. II, pt. 2 (1895), by Dr. C. Diener, pp. 118, 



Upper Triassic Cephalopoda Faun® of the Himalaya: Vol. lit* pfc. 1 (1899), by Dr. E. 
von MoiBisovicB, pp. 157, pis. 22. 

TriftR Drachiopoda ana LameUibranchiata : Vol. Ill, pt. 2 (1899), by Alexander Bittner, 
pp. 76, pla. 12 (2 double). 

The Fauna of the Spiti Shales : Vol. IV (1903), by Dr. V. Uhlig, pp, 132, pU. 18. 

The Fauna of the Tropites-Limestone of Byans : Vol. V, Memoir No. 1 (1906), by Dr. C. 
Dienor, pp. 201, pis. 17 (1 double). 

The Fauna of the Hinmlayan Muechelkalk : Vol. V, Memoir No, 2 (1907), by Dr. 0- 
Diener, pp. 140, pis. 17 (2 double). 

Ladinic, Carnic and Noric faun® of Spiti: Vol. V, Memoir No. 3 (1008), by Dr, C, Diener, 
pp. 157, pis. 24 (3 double). 

The Cambrian Fossils of Spiti : Vol. V, Memoir No. 4 (i/t th*i. by F, R. C. Reed. 

Lowci'-Triassic Cephalopoda from Spiti, Malla Johar and Bynns ; Vol. VI, Memoir No. 1 
1909, by Dvs. A. von Krafft and C. Diener, pp. 186, pis. 31. 

The Fauna of the TrsumatiuTinus Limestone of Painkhanda : V^o!. VT, Memoir No. 2 
(1909), by Di's. A. \on Krafft and C. Diener. pp. 186, ]>ls. 31. 

The Fauna of the Trnunmatocmm.i Limestone of Painkhanda ; Vol. VI, Moinoir No. 2 
(1909), by Dr. C. Diener, pp. 39, pis, 6. 


(iSfctt. XVI.)-BALUCHISTAN FOSSILS, by FRITZ NOETLING, Ph.D., F.G.S. 

The Fauna of the Keliaways of Mazar Drik Vol. I, pt. 1 (1896), pp. 22, pis. 13. 

The Fauna of the (Ncoeimiian) Belemnite Beds : Vol. f, pt. 2 (1897), pp. 6, pis. 2. 

The Fauna of the Upper Cretaceous (Maestrichticn) Beds of tae Man Hills : Vol. I, pt. 3 
(1897), pp. 79, pis. 23, 

{NEW SERIES.) 

The Cambrian Fauna of the Eastern Salt-range : Vol. I, Memoir 1 (1899), K. Rodlich, 
pp. 14, pi. 1. 

Notes on the Morphology of the Pelecypoda : Vol. I, Memoir 2 (1899), Fritz Noetling, 
pp. 68, pis. 4. 

Fauna of tho Miocene Beds of Burma ; Vol, I, Memoir 3 (1901), Fritz Noetling, pp. 378, 
]ds, 25 {out of print)’ 

Observations sur quelques Plantes Fossiles des Lower Gondwanas ; Vol. II, Memoir 1 
(1902), R. Zeilter, pp. 39, pis. 7. 

Permo-Carboniferous (Lower Gondwana) Plants and Vertebrates from Kashmir: (1) 
Plants, by A. C. Seward; (2) Fishes and Labyrinthodonts, by A. Smith Woodward : 
Vol. II, Memoir No. 2 (1905), pp. 13, pis. 3. 

The Louor Palfeozoic Fossils of the Northern Shan States, Upper Burma : Vol. II, Memoir 
No. 3 (1906), by F. R. C. Reed, pp. 154, pis. 8, 

Tho Fauna of the Napeng Beds or the RhaKtic Bods of Upper Bai'n)a : Vol. II, Memoir 
No. 4 (1908), by Miss M. Healey, pp. 88, pis. 9. 

The Devonian Faunas of the Northern Shan States ; Vol, 11, Memoir No. 5 (1908), by 
F. R. 0. Roed, pp. 183, pis. 20. 

Tho Mollusca of the Ranikot Seiiea : Vol. Ill, Memoir No. 1 (m ffm Press), by M. 
OoRsmann and G. Pissarro. 

On some Fi.^h-remains from the Beds at Dongargnon, Central Provinces ; Vol. Ill, Memoir 
No. 3 (1908), by A. Smith Woodward, pp. 6, pi. 1. 


The price fixed for these publications is four annas (4 ponce) per single plate, with a 

mioiraum charge of Be. 1. 



RECORDS OF THE GEOLOGICAL SURVEY OF INDIA. 

VoL. I, 1868, 

Part I {out of print). —Annual report for 1867. Coal-Beams of Tawa valley- Coal in 
Garrow' Hills. Copper in Hundolkhand. Meteorites. 

Part S lout of print). — Coal-Beams of neighboarhood of Chanda. Coal near Nagpur. Geo¬ 
logical notes on Surat collc<;torjite. Oephalopodous fauna of South Indian crotaccouB 
deposits. Lead in Raipur district. Coal in Kasteni Hemiaphoro. Moteoi-itos, 

Part S {out of print).—Gastropodous fauna of South Indian cvetaceoua deposits. Notes on 
route from Poona to Nagpur tud Ahmednaggur, Jalna, Loonar, Yeolinahal, Mangali 
and Hingunghat. Agate-Hake in pliocene (1) deposits of Upper Godavory, Boundary 
of Vindhyan series in Rajpuiana. Meteorites. 

VoL. II, 1869. 

Port / [out of print). —Valley of Pooriia river, West llorar, Kuddapah and Kurnool 
formationa. Geological sketch of Shillong plateau. Gold in Singhboom, etc. Wells 
at Hasuireebagb. Sleteorites. 

Part —^Annual report for 1868. Pangahura tecta and other species of Chelonia from 
newer tertiary deposits of Nerbudda valley. Metamorphic rocks of Bengal. 

Port 3. —Geology of Kuch, Western India. Geology and physical geography of Nicobar 
Islands. 

Part —Beds containing eilictlied wood in Eastern Prome, British Burma. Mineralogical 
BtatisticB of Kumaon division. Coal-field near Chanda. Lead in Raipur district. 
Meteorites. 

VoL. Ill, 1870. 

Part 1 .—Annual report for 1869. Geology of neighbourhood of Madras. Alluvial deposits 
of Irrawadi, contrasted with those of Ganges. 

Part S {out of prin^.—Geology of Gwalior and vicinity. Slates at Chiteli, Kumaon. 
Lead vein near Chicholi, liaipur district. Wardha river coal-fields, Berar and Cen¬ 
tral Provinces. ^ Coal at Karba in Bilaspur district. 

Part S (out of print ).—Mohpani coal-field. Lead'Ore at Slimanabad, Jabalpur district. 
Coal eaat of Ohbatisgarh between Bilaspur and Ranchi. Petroleum in Burma. Petro¬ 
leum locality of Sudkal, near Futtiiung, west of Rawalpindi. Argentiferous galena 
and copper in Manbhum. Assays of iron ores. 

Pari {out of print).—Geology of Mount Tills, Punjab. Copper deposits of Dalbhum 
and Siugbbum : 1.—Copper mines of Singbhum : 8,—Copper of Halbbum and Sing- 
bhum. Meteorites. 

VoL. IV. 1871. 

Part i.—Annual report for 1870. Alleged discovery of coal near Gooty, and of indications 
of coal in Ouddapah district. Mineral statistics of Kumaon division. 

Part S .—Axial group in Western Prome. Geological structure of Southern Konkan. 
Supposed occurrence of native antimony in the Straits Settlements. Beposit in boilers 
of steam-engines at Raniganj. Plant-bearing sandstones of Godavari valley, m souHi- 
orn extensions of Kamtlu group to neighbourhood of EUore and ^jamandri, and on 
possible occurrence of coal in same direction. 

Part $.—^Borings for coal in Godavari valley near Damagudem and Bhadrachalara. 
Narbada coaLbacin. Geology of Central Provinces, ^ant-bearing sandstones of 
Godavari valley. 

Part 4 ’—Ammonite fauna of K.utch. Raigur and iiengir (Gangpnr) Coal-field. Sandstones 
in neighbourhood of first barrier on Godavari, and in country between Godavari and 
Ellore. 

VoL. V, 1872, 

Part 1 .—Annual report for 1871. Relations of rocks near Murree (Mari), Punjab. Mineral¬ 
ogical notes on gneiss of South Mirzapur and adjoining country* Sandstones in 
neighbourhood oz first barrier on Godavari, and in country betw'een Godavari and 
Ellore. 

Part 4.--Goast8 of Balucbislan and Persia from Karachi to head of Persian Gulf, and 
some of Qttlf Islands. Parts of Kummummet and Hanamconda districts in Nizams 
Dominions. Oology of Orissa. New coal-fielJ in south'Qasiern Hyderabad (Decoan) 
territory. 



Part 5. —Maskat and Massandim on oast coast ot Arabia. Example of local ioinlirijt- 
Axial group of Western Promo. Geology of Bombay Presidency. 

Part 4-—Coal in northern region of ^tpura basin. Evidence afforded by raised oyster 
banks on coasts of India, in estimating amount of elevation indicated thereby. 
P(»Bsible field of cojjI measuics in Godavari distiict, Madras Prseidcucy, Lamcta oi 
intra*trappean formation of Central India. Petroleum localities in Pegu. Supposed 
eoxoonal limestone of Yellam Bile. 

VoL. VI, 1873. 

Part 1. —Annual report for 1872. Geology of North-West Provinces. 

Part 2. —Bisiampur coal-held. Hinoralogical notes on gnoias of South Mirzapur and ad* 
joining country. 

Part S, —Celt in ossiferous deposits of Narbada valley (Pliocene of Falconer) : on age of 
deposits, and on associated shells. Barakars (coal-measures) in Beddadanole field, 
Godavari district. Geology of parts of Upper Punjab. Coal in India. Salt-springs 
of Pogu. 

Part 4«—Iron deposits of Chanda (Central Provinrep). Barren Islands and Naikondani. 
MetnUiforous rchourcos of British Burma. 

Vot. VII, 1874. 

Pari I (out of ‘print). —Annual report for 187'» Hill ranges between Indus valley iii Ladek 
and Shah i'Dula on frontier of Yfirkanil territory. Iron ores of Kumaon. Kaw 
materials for iron-smelting in Raniganj field, l^dastic sandstone, or so-callcd Itaco* 
lumyte. Geological notes on part of Northern Hazuribagh. 

Part 2 (wu/ of prUif ).—Geological notes on route ti averred by Vaik.ind KjnKitsy from 
Shah'i-Duia to Yarkand and Kiiabgar. dado in Ivarakas valley, Turkislan. NoLos 
from Eastern Himalaya, retrolcuiii in As.‘«ani. Coal in Goao Hills. Coppm in 
Narbada valley. Potash-salt from East India. Geology of neighbonihood of Mari 
hill station in Punjab. 

Part $.—Geological observations made on a visit to Ch/iderkul, Thian Shan range. 
Former extension of glaciers within Kangra district. Building and ornamental stones 
of India. Materials for iron manufacture in Raniganj coal-neld. Manganese-ore in 
Wardha coahheld. 

Part 4 {out of print)*—Auriferous rocks of llhumbal bills, Oharwar district. Ant5<iuity 
of human race in India. Coal recently discovered in the country of Limi Palhans, 
soutb>east corner of Afghanistan. ^ Progress of geological investigation in Godavari 
district, Madras Presidency. Subsidiary materiaiB for arliffeial fuel. 

VoL. VIII, 1875. 

Part 1. —^Annual report for 1874. The Altum-Artush considered from geological point of 
view. Evidences of ‘ ground-ice ‘ in tropical India, during Talchir period. Trials of 
Raniganj hre-bricks. 

Part 2 {out of print). —Cold-fielda oi south-east Wynaad, Madras Presidency. Geological 
notes on Enarcean hills in Upper Punjab. Water-bearing strata of Surat district. 
Geology of Scindia*B territories. 

Part 3 {out of print). —Shahpur coal-field, with notice of coal explorations in Narbada 
region. Goal recently found near Motiong, Khasia Hills, 

Part 4 (out of print). —Geology of Nepal. Haigarh and Hingir coal-fields. 

Vot. IX, 1876. 

Part 1 {out of print).—Annual report for 1876. Geology of Sind. 

Part 2. —^Retirement of Dr. Oldham. Age of some fossil floras in India. Cranium of 
Stegoilon Gane.sn. with notes on »uli-genus and allied forms. Sub-Himolayan series in 
Jamu (Jammoo) Kills. 

Part ^.—Fossil floras in India. Geological age of certain groups comprised in Gondwana 
series of^ India, and on evidence they afford of distinct zoological and botanical tcrres> 
trial regions in ancient epochs. Relations of fossiliferous strata at Maleri and Kota, 
near Sironcha, 0* P. Fossil mammalian faunee of India and Burma. 

Part 4 ,-—Fossil floras in India. Osteology of Merycopotamus dissimilis. Addenda and 
Corrigenda to paper on tertiary mammalia. Plesiosaurus in India. Geology of Fir 
Panjal and neighbouring districts. 

Vot. X, 1877. 

Part /.—Annual report for 1876. Geological notes on Great Indian Desert between Bind 
and Rajpatana. Cretaceous genus Omphalia near Nameho lake, Tibet, about 75 milee 
north of Lbassa. Esiheria in Gondwana formation. Vertebrata from Indian tertiary 
and secondary rocks. New Emydine from the upper tertiariee of Northern Punjab. 
Observations on under-ground temperature. 
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INTRODUCTION. 


rilHTS summary of results obtained by the officers of the Depart* 
ment during 1908 is designedly brief regarding most of the 
subjects, as they have been dealt with in separate papers published in 
the HecoTfh and Memoirs. Where, however, the work done cannot 
be closed and described for some yeai-s, as in the case of the 
great stretch of prc'viously nnsurveyed land in Central India and 
llajputana, fuller details are given. 

2. 'fhe brief summary of progress in mineral development pub¬ 
lished with this Keport will be superseded shortly by the Quin 
queniiial Itoview for the {H»riod 1904-08 now nearly ready for pub¬ 
lication. The tcital value of minerals for which trustworthy returns 
could be obtained in 1908 show again an advance on previous years, 
while the licenses and leases gianted for prospecting and mining in 
Government lands greatly exceeded all prc'vious records. 
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DISFOSITION LIST. 

3. During tho period under report the officers of the Depart¬ 
ment were employed as follows :— 

Superintendents. 

Mr, T. H. Dm LaTouche. Koturned from leave on the 4th Feb¬ 
ruary 1908. At headquarters in 
charge of office and officiating Direc¬ 
tor up to the 13th October 1908, 
Pro(^eed(jd to the field on the 14th 
October 1908 to examine certain 
irrigation weir sites i n the United 
Provinces and Clontral India and to 
report on the gypsum deposit! of 
Hamirpiir, United Provinces, and 
the coal deposits in the Sluihpur 
District, Pimjab. 

Mr, V S. MijDDLEMIss. At' headquarters in charge; of office 

up to the 4th February 1908. 
Placetl in charge of the Central 
India party for extension of the 
geological map over previously un- 
snrveyed areas in C^entral India and 
the neighbouring States of Jtaj- 
jnitana and left for the ^ field on 
the 21st February 1908. lieturned 
to headquarters on the 26th April 
1908. Deputed on tho 23rd June 
1908 to Kashmir to survey the 
]ilant-bearing beds underlying tho 
Zewan stage of Kashmir. Returned 
from Kashmir on the 11th October 
1908 and arsumed charge of the 
office at headquarters. 

Mr, H. 11. IIaydex. Services at the disposal of the Foreign 

Department up to the Slst March 1908 
Granted 3 months’ privilege leave 
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{ind in continuation furlough for 
5 months with effect from the 7th 
May 1908. On deputation in con¬ 
nection wit]) the Mining Exhibi¬ 
tion (1908) from July 7th to August 
Gth. Jieturned from leave on the 
31st December 1908. 


Assistant Superintendents. 


Mr. 1\ N. Datta. 


Mr. K, Vredenbitrg. 
Mr. L. L. Fermor. 


Mr. G. E. Pilgrim. 


Mr. G. H. Tipper. 


Petuined from the (Jcritral Provinces 
on th( 18th April 1908. Deputed 
on the 17th November 1908 to 
Tiiaton District, J3urma, for tlio 
mapping of previously unsurveyod 
areas in Lower Burma, with special 
attention to th( occunences of rock 
2 )robably suitable for use as road- 
metal. 

At head<iuarters as Paloiontologist. 

Returned to lu^ubpiartei-s from the 
field on the 18th April 1908. 
Granted 3 months’ privilege leave 
with effect from the 3rd July 1908. 
Returmul from leave on the 12th 
Octolx'r 1!)08, and deputed on the 
7th November 1908 to the Central 
Piovinccs and Bcrar Industrial Ex- 
liibition and to ius|3cct the mau- 
ganese mines in the Central Pro¬ 
vinces. 

Returned from Baluchistan on the 
10th April 1908. Deputed to sur- 
v( 5 y the ossiferous dej)oaits in Kohat, 
Salt Range and the Siwaliks and 
left for the field on the 29th Sep¬ 
tember 1908. 

Returned from leave on the 13th 
July 1908. Appointed Curator on 
the 1st November 1908. 
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Mr. H, Walker. At headquarters as Curator up to the 

31st October 1908. Deputed to 
revise the geologi(ial map of the 
Jianiganj coalfield in conjunction 
with a Coniniittee appointed by 
tlie Mining and (leological Insti¬ 
tute of India, and I(;ft for tlie field 
on the 9tli Novtnnber 1908. 

Mr. E. H. PascoEi Itetunuid from Ibirma on the 4th 

June 1908. Reposted to Burma in 
connection with the petroleum in¬ 
dustry, including the cxiunination 
of the volcano of Popa in the 
Myingyan District. Left for the 
field on the 30th August 1908. 

Mr, K, a. K. IIallowes. Returned to headquarters from the 

Sirigbhum District, 15engal, on the 
30th A [nil 1908. Granted six weeks’ 
privilege leave with effect from 12th 
Octob(u* 1908. Returned fi-om leave 
on the 23rd November 1908. Post¬ 
ed to Mr. Pascce’s paiiy in Burma 
with special reference to the survey 
of tlie volcanic hill« in tlie neigh¬ 
bourhood of the volcano of Popa 
in the Myingyan district, and left 
for the field on the 1st November 
1908. 

Mr. G. PE P. Cotter. Returned from Burma on the 14tli 

May 1908. Granted 3 months’ jni- 
vilegc leave with effect from tlie 
3rd July 1908. Returned from 
leave on the 12th October 1908 
and reposted to Burma in connec¬ 
tion with the petroleum industry. 
L(*ft for the field on the 26th 
October 1908. 

Mr. J.CoGGiN Brown. Returned to headquarters oi* the 11th 

June 1908. Dejiutcd to Yunnan 
for Natural History explorations, 
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and Mt for field on the 27th 
December 1908. 

Mr. J. J. A. Page. Returned to headquaters from Burma 

or the 7th June 1908. Reposted 
to Soutli Burma to continue his 
investigations oi the tin deposits 
and left headquarters on the I6th 
October 1908. 

Mr. H. (h JoNKS. Returned from the field on the 25th 

April 1908. jfeposted to Central 
India for a continuation of the. pre¬ 
vious season’s work, and left for 
the field on the Kith October 1908. 

Mu. A. M. Heron. Returned from the field on the 12th 

May 1908. Reposted to the Cen¬ 
tral India and Rajpiitana party, 
and left for the field on the IGth 
October 1908. 

Mr. M. Stuart. Deputcul to investigate the kaolin 

deposits and glass-making mnterials 
of the Rajmahal Hills, Bengal, and 
left for the field on the 18th Janu¬ 
ary 1908. Returncnl to headquar¬ 
ters on tJie lOtli May 1908. Posted 
to Mr. Pascoe’s party in Burma 
and left for the field on the 80th 
October 1908. 

Mr. N. D. Daru. Deputed to rtiporl on the pyritous 

shales and alum manufacture near 
Kalabagh, Mianwali district, Pun¬ 
jab, and left for the field on tlie 
28th January 1908. Returned from 
the field on the 28rd April 1908. 
Posted to the Central India and 
Rajputana party and left for the 
fi(dd on the 12th October 1908. 

Chemist. 

Dr. W. A. K. Christie. Deputed to Pachbadra from the 15th 

April to 10th June 1908 in oonnee- 
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tion with the investigations re¬ 
garding the origin of the Rajputana 
salt. At headquarters for the rest 
of the period under report. 

Sub-Assistants. 

Returned to headquarters from the 
field on the. 3lst May 1908, Posted 
to Mr. Pusooe's party in Burma 
and left for the field on the 27th 
October 1908. 

Deputed on the 9th May 1908 to 
Pacihbadro, Rajpulana, in connection 
with the investigations regarding 
the origin of the Rajpatana salt. 
Returned to headquarters on the 
31st July 1908. Posted to Mr. 
Pilgrim’s party and left for the 
field on the 1st October 1908, 

Assistant Curator. 

On duty at headquarters throughout 
the period under report. 


8. Setuu Rama Rau. 


M. Vina YAK Rao. 


Mu. T. R. Blyth. 
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STUDENTS IN TRAINING. 

L The following students were under training daring the year :— 

G. G. Narke, M.A., holding a scholarship from the Central Pro¬ 
vinces Administration, was under Mr. Fermor in Singbhum and the 
Central Provinces from January to April 1908, and was thus given 
experience of crystalline areas, with copper, chrome, iron and man¬ 
ganese-ore deposits. He was deputed with Mr. Walker to the 
Raniganj field in November to receive training on stratigraphical 
problems in tJie coalfields. 

Kiran Kumar Sen-Gupta, M.A., was appointed to a Research 
Rcliolarshij) by the Bengal Government, and, ir addition to work 
in the Ijaboratory and Muaeam, was given field work under Mr. 
Fermor in Singbhum, with th('. s|)ccial task later ol studying the 
granophyjic complex of the Akarsani lulls. 

S. R. Ghatpanue was aj)pointcd by the Indore Durbar in July 
1908, and, after training at headquartci*s, was deputcid for field 
work under Mr. H. C. Jones in Central India. 

Hira Lar Moti Lal Srah, L.C.E., deputed by the Baroda Dur¬ 
bar in July, was trained at headquarters and afterwards under Mr. 
La^roucho in the Harnirpur District. 

IJyas Sifankar Lae, B.A., appointed by tlie Marwar Durbar in 
August, was trained in the Laboratory, and afterwards under Mr. 
Heron on tlio Aravalli series in the Alwar State. 


Sheoprasad Garoava, H.A., B.Sc., a 2 )poink'd by the Gwalior 
Durbar, and Lala Joti Persiiad,* B.A., appointed by Kashmir, 
arrived towards the end of the year, and were thus kept at head¬ 
quarters for training. 

All, except one, of these students made satisfactory 2 )rogress, 
and have been re|)orti5d on accordingly. • 

5. The senior students of the Presidency Coll(*,ge, Calcutta, were 


„ , . , , . also permitted to work in the Museuln 

Ctandn. Da, Oupta, 
“ the Demonstrator in the Geologioal 

classes, was engaged in palaeontological research work. The Professor¬ 
ship of Geology, established in 1892, is held by one of the officers 


of the Geological Survey (at present Mr. E. Vredenburg), and 
although it is desirable to continue this direct connection between the 


Department and the teaching of Geology, it is necessary to increase 
the staff of demonstrators in order that the students, now numbering 
over 60, may receive more individual attention in practical work. 
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ADMINISTRATIVE CHANGES. 

(). Sir T. H. Holland’s services were placed at the disposal of 
the Burma Govertimcnt from 1st September to 19th November 1908. 
Mr. T. H. D. LaTouche, Superintendent, was appointed to 

officiate as Director durine the absence 

.l|.ll,nulm,-lils. .lepulatioii of Sir T. 11. Holland 

with effect from the fonmoon of the 1st September 1908. 

Mr. (t. 11. Tipper was appointed (Curator with tiffech from tlie 
1st Novembei 1908. 

7. Mr. P. N. Datta, Assistant Superintendent, was appointtid 

. to officiate as Superintendent, with 

roino 1011, eftect from the 7th May 1908, vice 

Mr. II. IT. ITaydeu on combined leave. 

8. The following officers were confirmed in their appointments as 

OfRcers of the Geological Survey De¬ 
partment 

Mr. K. A. K. Hallowes. 

Mr. J. J. A. Page. 

Mr. H. G. Jones. 

Mr. A. M. llfiKON. 

9. Mr. II. H. Hayden was granted 3 months’ privilege leave and 

, in continuation furlougli for 5 months, 

■iPAVI* ^ " 

with effect from the 7th May 1908. 

Mr. L. Ti. Fermor was granted 3 months’ privilege leave with 
effect from the 3rd duly 1908. 

Mr. G. de P. Cotter was granted 3 months’ privilege leave with 
effect from the 3rd July 1908. 

Mr. K. A. K. Hallowes was granted six weeks’ privilege 
leave with effect from 12th October 1908 


Oiiilivnuitioii. 


OBITUARY. 


10. 1 have to report, with regret, the death of tw8 ])ast mem- 

A Twpoii Department, Mr. A. Tween 

and Mr. W. Theobald. Mr. Tween was 


appointed an Assistant in 1859, and became the first Curator of 
the Museum and Laboratory ; but he was compelled to retire owing 
to ill-health in 187(). Although only one paper was published by 
Mr. Tween, his work as (fiicmist largely contiibutod to the value of 
memoirs published by his colleagues. 
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11. Mr. Theobald had a much longer connection with the De- 
w partment, for he was appointed an 

■ ’ Assistant to the (.Joological Surveyor 

under the Bengal Government in IS-Bl, that is, before Dr. Old¬ 
ham came out to organise a regular service for the systematic 
geologi(;al survey of the whole country. The letter apptjinting Mr. 
Theobald on “a salary of Rs. I(K) per mensem, includiixg travelling 
allowance,” was forwarded by a distinguished oilicial still living, 
Mr. W. 8. Sotou-Karr. After being transferred for work under Dr. 
A. Fleming in the Salt Range, Punjab, Mr. Theobold was appointed 
'Ihird Assistant on the Geological Survey of India under Dr. Old¬ 
ham in 1853, and apfiarently employment was not regarded as a 
transfer, for his bill for ‘‘Cos. Rs. 714” for marching 1,428 miles from 
Jhelum to join his appointment was returned as altogether in¬ 
admissible,” and as a consequence the nature of his “ employment” 
in the Punjab formed a subject of difficulty to tin; Financial autlio- 
rities when Mr. Theobald applied for pension in 1881. With Theo¬ 
bald’s death in Marcdi 1908 tluire passed away one more of the 
rapidly dwindling body of all-round Naturalists ; his literary retiord 
in India covers all branches of Geology as then developed ; he pub¬ 
lished papers on the structural hiatures ot dillerent parts of the 
Punjab, Central India, Bengal and Burma; on palaiolithic imple¬ 
ments ; on the petroleum, salt springs and the metalliferous re¬ 
sources of Burma ; he paid special attention to questions of glacia¬ 
tion in the Himalayan region ; published papers on fossil vertebrates 
as well as both fossil and recent invertebrates ; atid, although in his 
retirement he followed the work of his old Department closely and 
sometimes shared in the controversial (|ucstions that arose, his main 
energies were latterly devot(;d to the study of numismatics. 

PUBLICATIONS. 

12. The following parts of the Records were published during the 
year, containing the following papers and notes:— 

Volume XXXVI, Parts 3 and 4. 

Marine Fossils in the Yenangyaung Oil-field, Upper Burma, by 
E. H. Pascoe, M.A., B.Sc. 

On the Occurrence of Fresh-water shells of the genus Batissa in 
the Yenangyaimg Oil-field, Upper Burma, by E. H. Pascoe, M.A., 
B.Sc. 
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On a New species of Dendroyhyllia from the Upper Miocene of 
Brnma, by E. H. Pascoe, M.A., B.Sc. and G. de P. Cotter, B.A., 
F.G.S, 

The Structure and Age of the Tauiigtha Hills, Myingyan district, 
Upper Burma, by G. de P. Cotter, B.A., F.G.S. 

Note on some Fossils from the Sedimentary Rocks of Oman, by 
Prof. C. Diener, Viejina. 

Rubios in the Kachin Hills, Upper Burma, by Dr. A. W. G. 
Blceck, Ph.D., F.G.S. 

The Cretaceous Orbitoides of India, by Ernest W. Vredenburg, 
A.R.S.M., A.R.C.S., F.G.S. 

Two Calcutta Earthquakes of 190b, by (1 S. Middlcmiss, B.A,, 
F.G.S. 

Miscellaneous notes on :—Barytes occurring at Narravada, Ncllore 
district. Tourmaline Mines of Maingnin. Nummulites Vredenburgi 
Prever. nom. mut. Ammonites of the Bagh Beds. 

Pseudo-Fucoids from the Pab Sandstones at Fort Munro, and 
from the Vindhyan series, by Ernest W. Vredenburg, A.R.S.M., 
A.R.C.S., F.G.S. 

Jadeite in the Kachin Hills, Upper Burma, by A. W. G. Bleeck, 
Ph.D., F.G.S. 

The Wetchok-Yedwet Pegu outcrop, Magwe district, Upper Bur¬ 
ma, by E. H. Pascoe, M.A., B.Sc., F.G.S. 

Note on a Group of Mauganates, comprising Hollandite, Psilome- 
lanc, and Coronadite, by L. L. Fermor, A.R.S.M., B.Sc., F.G.S. 

Note on an Occurrence of Wolfram in the Nagpur district, 
Central Provinces, by L. L. Fermor, A.R.S.M., B.Sc., F.G.S. 

Miscellaneous notes on :—Occurrence of Alum in Mormugao. Oc¬ 
currence of the genus Orhitolina in India and Persia. Geological 
age of the coal at Palana in Bikanir. Indian occurrence of Ostrea 
muUicostata, Deshayes, and other ribbed species of Ostrea, Age of 
the Cuddalore series. Quarrying of corundum in th^ N. W. Khasi 
Hills. 

Index to Volume XXXVI. 1 

Volume XXXVII, Parts 1 and 2. 

General Report of the Geological Survey of India for the year 
1907, by Sir T. H. Holland, K.C.I.E., D.Sc., F.R.S. 

'r ' The Mineral Production of India during 1907, by Sir T. H. 
Holland, K.C.I.E., D.Sc., F.R.S. 
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On the Occurrence of striated Boulders in the Blaini formation 
of Simla, with a discussion of the Geological age of the bods, by 
Sir T. H. Holland, K.C.I.E., D.Sc., F.R.S. 

Note on Jurassic and Triassic fossils from Nepal, 

The Tertiary and Post-Tertiary Fresh-water Deposits of Baluchis¬ 
tan and Sind, with notices of new Vertebrates, by Guy E. Pilgrim, 
B.Sc., F.G.S. 


Notes on the Geology and Mineral Resoiirces of the Rajpipla 
State, by P. N. Bose, B.Sc., F.G.S. 

Ref)ort on the Suitability of tlie Sands occurring in the Raj- 
raahal Hills for Glass Manufacture, by Murray Stuart, B.Sc., F.G.S, 

Three new Manganese-bearing Minerals:—Vredenburgite, Sita- 
parite and Juddite, by L. L. Ferinor, A.R.S.M., B.Sc., F.G.S. 

Report on Latcrites from the Central Provinces, by Prof. Wynd- 


Memoirs. 


ham R. Dunstan, M.A., L.L.D., F.R.S. 

Miscellaneous notes on:—Ilunza and Nagar Glaciers. Estuarine 
Deposit in Calcutta. Alunogen on a Meteorite. 

The following Memoirs were pub¬ 
lished (luring th^ year :— 

The Geology of the Persian Gulf and the adjoining portions of 
Persia and Arabia, by G. E. Pilgrim, B.S(5., F.G.S. 

UpiMir Triassic and Liassic faunse of tlie (jxotic blocks of Malla 
Johar in the Bhot Mahals of Kumaon, by Professor C. Dioner, 
Ph.D., PaloeoMohtjia hidica, vSeries XV, Volume I, Part 1. 

Ladinic., Carnic and Noric faima; of Spiti, by Professor C. 
Diener, Ph.D., Palmonlologia Indica^ Scries XV, Volume V, Me¬ 
moir No. 3. 


The Fauna of th<5 Napeng Beds or the Rhcctic Beds of Upper 
Burma, by Miss M. Healey, Palwontologia Indian, New Series, Volume 
IT, Memoir No. 4. 

The Devonian Faunas of the Northern Shan States, by F. R. C. 
Reed, M.A., F.G.S., Palrwntologia Indian, New Series, Volume II, 
Memoir No. 6. 

On Some Fish-remains from the Beds at Dongargaon, Central 
Provinces, by Dr. A. Smith Woodward, Paloeontologia Indian, 
Series, Volume III, Memoir No. 3. 

Sketch of the Mineral Resources of India, by T. H. Holland, 
D.Sc., F.R.S. 
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LIBRARY. 

13. The additions to the Library during the period, ist January 
1908 to 31st December 1*.)08, amounted to 3,94G volumes, of which 
J,511 were acquired by purchase and 2,435 by presentation. 


DRAWING OFFICE. 

] 4, An important addition to the office equipment has been 
made for the purpose of turning out our own process-block re¬ 
productions. In spite of predictions of failure by those who knew 
of the dangers of attempting this work without spiicial expert assist¬ 
ance, Mr. H. B. W. Garrick, the Artist of the De[)artmcnt, has 
turned out work that would be a credit to any institution, and he 
deserves great praise for this addition to a branch of work already 
brought to a creditable state of efficiency through his ability and 
unremitting work. 

MUSEUM AND LABORATORY. 


15. Mr. 11. Walker was C^irator of the Museum and Laboratory 

up to the end of October, when he 
was given the work of revising the 
map of the Kaniganj (*oalfield, Mr. G. H. Tripper taking over 
the duties of (kirator. Mr. T. R. Blyth was Assistant Curator 
throughout tin; year, and the reports of the Curators regarding his 
work show that for earnestness and ability he has not changed : no 
greater praisci could be given. Babu Bankitu Behari Gupta, Museum 
Assistant for Pala'ontology, has continued to work most cri^ditably, 
and his study of the fossil plants colleob^d by Mr. Hayden in Afghan¬ 
istan shows that he is (capable of doing original work of a high 
order. 


1(5. Dr. W. A. K. Christie, Chemist, continued the investigation 
of the resoiirc,es of the Sambhar Lake, and worked out experiment¬ 
ally some problems raised by the Burma Oil Reserves Committee 
relative to the effect of varying pressure on the solubility of the 
heavier waxes in the lighter hydrocarbons of Burmese petroleum. 
He was <hiefly engaged, however, in the investigation of the origin 
of the salt depo^iits of Raj putana. After exhaustive preliminary 
experiments mad(5 with the object of devising methods for testing 
the validity of the theory that the salt has been introduced by 
the hot-weather S. W, winds from the neighbourhood of the Ran of 
Cutch, ho spent tho hot weather in the Raj putana desert, sampling 
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Determinative am) 
Chemical work. 


the winds, rainwaters, sands, etc., the investigation of which, to¬ 
gether with supplementary experiments on tlie efficiency of the 
methods and instruments used, occupied him for the rest of the 
year. The results of this work will be j)ublished separately and 
are summarised in another section of this report. 

17. During the year, there was a decrease in the number of 

specimens referred to the Curator for 
determination. The number examined 
was 7G7, compared with 1,092 in 1907 

and 78Gin 190G, Of these, assays and analyses were made of G7, 
an increase of 22 on the previous year. 

It is hoped that the new additions to the Laboratory will soon 
be completed, as in the present congested state it is very difficult 
to find accommodation for the students from Native States attached 
to the Survey. The extensions now bciing equipped have been 
obtained through the courtesy of Dr. N. Annandale in lending some 
of the rooms belonging ^o the adjoining office of the Superinten¬ 
dent of the Indian Museum. 

18. No meteoritic fall was recorded in India during the year, 

but the colhiction of foreign meteorites 
has been enriclied ~(I) by the addition 

of a piece (50 grams) of the Orgucnl meteorite from the Musee 
d’llistoire Naturelle, Paris, through M. Stanislas Meunier, and 
(2) by a large slice of the Santa Rosa meteorite, received in ex¬ 
change from Professor II. A. Ward. 

19. The work of replacing the old labels of the rock collections 
has been continued, and a handsome show case has been fitted up 
fur the specimens of Indian coals. 

Among the more interesting donations tho following may be 
JHusenm. mentioned:— 


meteorites. 


1. —A fine block of crocMolUe schist by Dr. E. Thurston, C.I.E. 

2. MonazUe } Western Australia by P. C. Riches, Esq. 
t5.— Tantal'de ) 

4. — Cut gems from Persepolis, Persia, by J, Johannes, Esq. 

5, —A fine series of rocks and minerals from the Sudhurg and 

Cobalt districts, Canada, by Dr. T. L. Walker, Professor 
of Mineralogy at the University of Toronto. 

The only new mineral added to the collection is Argyroditc, 
obtained by purchase. 
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EXHIBITIONS. 

20. In November Mr. L. L. Fermor was deputed to Na{?pur 

in connection with the Central PrQ-_ 
vinces and Eerar Exhibition, 1908, in 

charge of a collection of specimens illustrative of the mineral wealth 
of the Central Provinces, and to a smaller extent of other parts of 
India. The collection was accompanied by a selection of maps and 
diagrams. It was also part of his duties to collaborate with the 
Committee of the Mining Section of the Exhibition in th(5 arrange¬ 
ment of the collections sent in by various raining companies and 
private individuals, and also to act as judge in awarding the medals 
for collections of minerals. In addition to the medals so awarded a 
special gold medal was awarded by the Committee of the Exhibi¬ 
tion to the Geological Surv(^y for their exhibit. The Exhibition 
aroused considerable interest amongst the mining community, and 
several collections were sent in, manganese naturally taking an 
important place; but coal, wolfram, copper, and other mineral sub¬ 
stances were also well represented. One * of the features of this 
section was an exhibit by some native gold washers, or sonjharias, 
from the Balaghat district of their methods of washing alluvial gold 
out of river sand. A full report, by Messrs. Pemior and Kelhn-schou, 
on the Mining Section of the Exhibition is being publishtid in the 
Transactions of the Minintj and Geological Institute of India. 

21. The Department was invited to send representative collec¬ 

tions to the Kranco-Eritisli Exhibition 
Iranco-Brilisli ami Jtliii- Hhepherd’s Bush and the Min¬ 
ing Exhibitions, London. „ i • i i at u 

® ing Exhibition organised by Mr. H. G. 

Montgomery at Olympia. The notice given was, however, too 
short to arrange for more than an exhibition of maps, photo¬ 
graphs and publications. A short “ Sketch of the Mineral 
Resources ot India ” was also prepared for the information of 
visitors to the Exhibitions. Mr. Hayden was present at the 
Mining Exliibition to supplement this information* by answering 
enquiries. The exhibits of the Department were awarded a Grand 
Prix in each of the two classes 14 (Geography) and 63 (Working of 
Mines and Quarries). 

MINERALOGY. 

22. The examination of the manganese-ore deposits of India 

„ . , carried out by Mr. L, L. Former during 

the last four years, and the subsequent 
atudy at headquarters of the material collected has led to the 
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discovery of several new varieties and species of minerals charac¬ 
terized by the presence of manganese in .small or large quantities. 
Three of these minerals—winchitti, blanfordite, and hollandite—have 
been noticed in previous reports. During the year under review 
accounts of three more of these mineralS“Vr(!denburgite, sitaparite, 
and juddite—'liave been published in Records^ Vol. XXXVIT, Part 2. 

4 Vredenbur(fli€ is a dark, steel-grey mineral of metallic lustre, 

with a bronze tint as soon in the sun. 
iHCnMiigi e. ^ hardness of (i i), and a specific 

gravity of 4*74 to 4*84. Its most interesting property is its strong 
iiiagnetism, for, broadly speaking, it is as strongly magnetic as mag¬ 
netite. It has been found at two localities—Beldongri, Nagpur 
district. Central Provinces, and Garividi, Vizagapatam district, Mad¬ 
ras. Although It is possible to interpret the analyses of this mine¬ 
ral so as to show tlui prc^sonce of F 03 O 4 in the formula, yet tlic 
most simple formula is ;iM!i 304 . 2 F 00 O 3 . The discovery of such a 
mineral is perha|)s disconcerting to tlie field mineralogist, for it 
neans that when working in a manganese area, it will in future be 
t^riwise to assume that a strongly-magnotic, black mineral is mag¬ 
netite, for it may bo a merchantable ore of manganese, 

Sitaparite is another bronze-tinted manganese mineral, but its 

bronze tint is much more pronounced 

ire* ji . r 11 ■/ V . 

than that 01 vredenburgite. It is 
found in the Sitapar mangam'se-orc de]iosit in the Chhindwara dis- 
tri<t. The hardness is about 7, and the specific gravity ranges 
from to 5 () 0 . It is m.ost easily distinguished from vreden¬ 

burgite, which it resembles somewhat clostdy in composition, by its 
being only feebly magnetic. The one analysis made gave as a result 
the somewhat complex formula 0 Mn 2 O 3 . 4 Fe 203 . MnO^. 8 CaO, 

assuming that the lime is an essential constituent of tlu; mincual 
Jiiddite is a variety of amphi})ole found in association with 

the manganese-pyroxene, blanfordite, at 
Kacliarwahi in the Nagpur district. 
It is deep crimson as seen in hand-specimen ; as seen under the 
microscope it shows perhaiis the most beautiful series of pleochroic 
colours yet seen in any mineral. The following scheme is prob¬ 
ably close to its true pleochroism ■— 

a carmine. 

b = blue with a lilac tinge, to palo green with a lilac tinge, 
C ^ orange or pinkish orange. 


Jiidtlile. 


c 
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The mineral is further distinguislied from most other varieties 
of the amphibolo group by the position of its optic-axial plane, 
which is at right angles to the plane of symmetry. 


PETROLOGY. 

23. Whilst engaged in investigating the copper occurrences of 

Siiigbhnm, granoirtiyros. 

and iVlarch, Mr. hermor paid considerabJe 
attention to petrology of the Arclucan rocks (gneissoso granites, Dhar- 
war schists, and intrusive basic igneous rocks) of the district. The 
most interesting petnlogmal unit in the area is the complex of 
basic and acid igneous rocks forming Akarsani Hill near Kharsawan, 
represented by a pink patch on Ball’s map of Singbliurii and Man- 
bhum, given in Menwirs, Vol. XVTTT. The basic roc-ks are prob¬ 
ably intrusive in the acid rocks, and of the same age as the other 
basic dyke-rocks intrusive in the Dharwar' pT^llites and schists <1 
the area. The acid rocks are hypabyssal in (^liaracter. They c«n 
be best described as granopJiyres and granophyri<: granite-porfdiyries. 
The most (;haracteristic feature of tlui rock is^he lilac-grey blebs of 
quartz, by whiidi it can Im distinguished, even Avhen it has been 
rolled out into a schist, the roundish quartz ])henocrysts bcung then 
represented by drawn-out lilac-grey streaks. A band of this rock 
has been traced for some lb miles, to a point as far t^ast as Gom- 
haria, and there is no doubt, judging from the evidence obtained, 
that the rock is intrusive into the Dharwars. The rock is, however, 
so different from the main mass of the; gmussose granite of 
Singbhum that its intrusive character cannot be taken as evidence that 
the common gneissoso granites are also intrusive, although such is pos¬ 
sibly the case. 

24. Another interesting petrological unit in Singbhum is the Dolma 

nilmn iv vii forming a range of^igh hills along 

* the northern border of the district, 

and separating it from tlio Lohardaga and Manbhum districts. An 
examination of it at two or three points showed that it is of complex 
constitution, having folded up with it bands of Dharwar schists. In 
composition it consists mainly of varieties of epidiorites, representing, 
probably, corresponding original varieties of dolerite. In places it is 
found to contain small quantities of pjn’ite, chalcopyrito, and in one case 
pyrrhotite. Considering the epidioritio nature of the trap, it is probable 
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that the sulphides sometimes found in it arc of secondary origin, al¬ 
though the metals they contain may have been contained in the original 
dolerites, Tt will need a very detailed examination to determine whether 
the Dalma trap is of contemporaneous forn»ation with the Dharwar 
schists, or intrusive into them. The balance of evidence points to the 
latter view, and in this case it seems possible that the Dalma trap and 
the Akarsaiii graiiophyros may be respectively the basic; and acid 
differentiation products of one original magma. 

2o. Some highly mofjnesian rods have also been found in association 

Masnesian rocks. Singbhtm Dharwars. Such 

are the serpentines of ouru Pass near 

Chaibasa, in which chromite is found (whicjh see), and the steatitic rocks 

of Turamdih, in which luaguelitc? occurs (see under iron). 


2G. Tn Chay)ter.s XV to XVII of Volume XXXVTI of the Memnrs^ in 

the press during 1008, and issued in 
C^entral I roviuccs : llie ]()()<)^ ^ comprehensive account is given 

goiu 1 1. . 0 e/ ^ series of rocks to which Mr. Fermor 

has given the name tjondile series, after the aboriginal tribe of Goiids of' 
the Central Provinc.es. 'rhe nM;ks of this series arc supposeel to have 
b(ion formed by the regional motamorphism of manganiferous sediments 
deposited in Dharwar times. Where tlic sediments were fairly pure 
manganese oxides, the only result of metamorphism has bocu to consoli¬ 
date tluuu and convert tliem into crystalline nianganese-orc^s (primary 
ores). But in cases whore the chemically deposited manganese-oxide 
scdiniGTits wore mixed with meclianically dopositcnl S(Hlirucnts, such as 
clay or sand, metamorjdiism lias brought about an interaction between 
tlie manganese oxides and the (^lay or sand, with the production in the 
foruK'r (;as(^ of spessartito-garnct, and in the latter of rhodonite. The 
roc;k composed of a mixture of s|^essaitite and tyuartz is known as f/oa- 
diie, and varieties of tliis roc.k containing other minerals are designated 
by qualifying terms ; such as rhodonite-goiidite, coirqiosed of rhodonite, 
spessartitc, and quartz. Owing to the way in which the rocks of this 
series have been formed they tend to occur as banded masses, the hands 
representing original layim of different com|)osition. 

After these rocks were formed they seem to have been subjected to 
altering influences, probably waters containing oxygen and carbon di¬ 
oxide, with the formation of manganese-ores. Such ores may be desig¬ 
nated deep secondary ores. There are reasons for believing that this 
alteration of manganese-silicate to manganese-ore took place at the end 

c2 
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of tho Dharwar period and that therefore, as in the case of the primary 
ores, the depth to which the deep secondary ores extend bears no genetic 
relation to the position of the surface of the ground. The rocks and asso¬ 
ciated manganese-ores of the Central Provinces arc found developed 
typically in the Nagpur-Balaghat area, and also in Jhabua, Narukot, 
and Clangpur (see page 43). They are to be distinguished from the rocks 
of the kodurite scries (see Records, Volume XXXV, page 22), whicli are 
of igneous origin. 


PALEONTOLOGY. 


Orkitoli iia. 


27. Mr. E. Vredenburg carried on the duties of Palamntologist 

throughout the year, and, in addition to 
ills routine duties, (continued his study of 
the Tertiary and Cretaceous collections. 

28. Mr. E. Vredenburg has recorded an addition to our knowledge 

regarding the larger foraininifera of 
India, by his recognition of the important 

genus Orbitolina, which characterises rocks of Tjower and Middle 
Cretaceous age and has not been previously recorded in India, 
(Rec, Geol. Surv. Ind., XXXVI, p. 314). The Indian specimens wor<5 
collected by Mr. Hayden betwi^en Gurez and Astor, in north-west 
Kasliinir. The Geological Museum also contains sfiecimcns collected 
by Griesbach near Firaiman in Persian Khorasan. In either case the 
palaeontological material is insufficient to establish the exact age of 
tlie Orbitolina bearing sandstones. 

21). In a note published in Volume XXXVI of the Records (page 321), 

Mr. Vredenburg has reviewed the avail- 

.AMS''* T 

of the 1 ertiary strata underlying the 
coastal latorite that forms an almost continuoutS belt round the 


peninsula. Concealed beneath lateritic and alluvial foimations, these 
Tertiary beds have yield(^d fossils at very hiw points along the vast 
extent of their outcrop. The only instaiusc.s recorded up to the 
present arc the marine fossils discovered by Mr. P, N. Bose in 
Mourbhanj, the fossil wood of the Cuddalore sandstones, the marine 
fossils of the “ Orbiculina beds ” of Quilon, and an extraordinarily 
rich marine fauna discovered between depths of 115 and 145 metres 
during the sinking of an artesian well at Karikal. The mollusca 
from the Orbiculina beds have been partly referred to species occurring 
in the Gaj beds (Upper Aquitanian to Burdigalian) of North-Western 
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India. The marine beds in Mourbhanj contain an Ostrea closely related 
to an undescribod species from the Upper Gaj. 

Out of 101 species so far described by Cossmauu (“ Faxuie pliocen- 
ique dc Karikal,” Journal de CorwInjhoUHjie^ Volumes XLVlll, 1900, 
and LI, 190:1) from the Karikal fauna, tlie richest Tertiary fauna as yet 
discovered in India, sixteen are identical with fossils from the Miocene of 
Java. The proportion of recent s|} 0 (.ies in the Karikal fauna is 3/) to dO 
per cent. I’liis figure agrees with the percentage of recent forms in the 
Miocene, faunas of Java (35 to fiO jjer cent.) and Burma (30 to 48 per 
c;ent.). In the title of his work (!ossniaim has referred the Karikal fauna 
to the Plicxiene (which, it should be remembered, for the author of the 
monograph as for many other geologists, includes the Pontian horizon). 
There seems no doubt that the Karikal beds belong to the same horizon 
as a jiortion of tlui Java and Burma series. Recent researches have 
tcuidcd somewhat to low(»r th(^ horizon ascribed to the Java beds 
[Uouville, Bull S, 0\ b\, Vol. V (4), p. 435]. A much closer palaeontol¬ 
ogical e.onnection than was originally anticijiated has also been detected 
between the Miocene beds of Burma aiul those of Western India, ac¬ 
cording to which the Burme series ap])ears to range from Lower to Middle 
Miocene. This would therefore appear to be the approximate age, of 
the Karikal fauna. It might of course reach irto Upper Miocene if one 
adopts the system of classification that nnit(*s the Pontian with the 
Pliocene*. I'his result agrees with tlu^ age indicated by the Mourbhanj 
Jossils and by those from the “ Orbiculina beds, ” and suggests that the 
IVrtiaries in the Coastal System all belong to one period. Yet this 
palaeontological evid(‘U(*e, however salisfactory, is so local as compar(*d 
with tlie vast extent of the coastal outcrop that it would be unsafe to 
generalise from these results. 



The Bagh beds first disceovered by Keatinge in 1857 are of parti- 


Bagll beds : amiiioiiites interest as a marine representative 

of the, liuviatilc Lanieta or *■" Infra-trap- 
pean ’ series. Their total thickness is insignificant, but they have 
esepi)ed tlenudatiou owing to a protective; covering of Deccan Traj), 
and can be followed uj) the valley of the Narbada from tlio plains 
of CtU jrat to Barwaha, some 240 miles from the sea-coast. Among 
the fossils collected by Keatinge, Blackwell, Blanford, and Bose, 
the ecliinoids studied by Duncan W(*re found to include seveial 
sjKicies known from the Cenomanian beds of other lands, such as 
halenia Jraasi^ Cyphonoma cenomunense^ EcJiinohrissus Goyhdly Nucloo^ 
Hies simtliSy Ilemiaster cenomanensis, H, simUis (Quar. Jour. Gcol. 
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Soc,, Vol. XXI, p. 349, 1865; Rec, Geol Surv, Ind,, XX, page 81, 
1887). This paloDontological evidence suffices for referring the Bagh 
beds to tlie Cenomanian. 


Tlie ammonites collected from these same heds by Mr. P. N. Bose 
during the yeai’s 1880 to 1883 form the subj('ct of & pajier by Mr. 
Vredenburg, published in Volume XXXVl of the Records (pages 
109 to 125). 'I'hey belong to three spocnos i)reviously undescribed, 
whicli Mr. Vredenburg has named PlacciUiceras Mintoi^ Cwlopoceras 
Scindim, and (^ilupoccms Rose}, Being all tliree new species, 
tliey d{) not athl any further weight to the pateontological evidences 
furnished by tlu; echinoids, at the same time not clashing witli it, since 
Placcnticenfs Mmtoi belongs to a group of forms abundantly repixisented 
from the Cault to the Lower Senoniaii, while the species of Codopocetas 
so far described are aftribated to the Turoiiian. 


The Place^Utceras specimens arc v(*ry nunusroas in Mr. lease’s collec¬ 
tion. This ammonite', originally rc'garded by Peistmantel and Bose as 
identical with PI. tmmdicam from the ^J’richinoiioli beds of South 
India, has Immui found to belong to a distinct stMicies, which Mr. 
Vredenburg has di'scribcd under the name Placenllceras Mintoi, 


In coin])aring the Bagli Plavctdiceras with previously described s])(!- 
cies, Mr. Vredenburg has been led to classify (lie members of the genus 
into four groups distinguished from one anoth('r by thti gradually in¬ 
creasing complexity of the sutan; line. The simphvst suture is that of 
PL Warlhi of the Muravatiir beds of South India ; the group of PL 
Fritsdii includes a number of species ranging from Gault to Lower 
Senonian ; Phcenticers sgrUile^ with its numerous varieties, character¬ 
ises the Santonian ; the newest group, that of PL placenta with excess¬ 
ively ramified sutures, characterises tlie (^ampanian. Placcnticeras 
Mintoi ludongs to the riimerous group of forms related to PL Fritschi^ 
whose geological range is vxny extensive. 

The two otlier ammonites Coclopoceras Scindiw and (1 Bosei, included 
in Mr. Bose’s collections, are each ropresonted by a single fragment. 
They represent a generic form closely related to, Placenticeras, for which 
Mr. Vreden})urg proposed the name Namadoccras, Subsequently to 
the publication of his paper, Mr. Vredenburg noticed that his generic 
diagnosis coincides with that of Hyatt’s genus Cwlopoceras {Rec., Vol. 
XXXVI, p. 230). The American species of Cwlopoceras occur in the 
(Colorado group which is regarded as Turoiiian. The European 
Amnwniies Requiem, which Mr. Vredenburg regarded as closely 
allied to the Bagh fossils, and which is likewise referred to Cwlopoceras 
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by Hyatt, is also Turonian. Tf the two Bagh ammonites are included 
in the same genus, the range of Coelo'poceras must be extended down¬ 
wards into the Cenomanian. 

31. Mr. Vredemburg’s translation of Messrs. Cossmann & Pissarro’s 

description of the Molluscan fauna of 

Hnlln scan failua of tlie Ranikot in Sind, the publication of 

Uauikot senes. 1111^.1 1 i • u. .li 

winch had to be postponed owing to the 

preparation of the Illustrations to the stratigraphical introduction, will 

shortly apjjear. 


The Ranikot strata in Sind are Ihti oidy autlientic representatives of 
the IjOwot Eocerui ho far known in India, and their interi^st is further in- 
cniasod by their extn^mely restricted extent. Com])ared with the enor¬ 
mous development of the Middle Eocene of India, the area occupied by 
these Lower Eocene beds is quite insignifu;aut, more so even than would 
apjiear from the original maps publislied by Blanford and Feddon : the 
aioAi as first defined lias been (considerably reduced in consequence of the 
withdrawal of the “ Meting shakes ” which were originally incorporated 
in thti Ranikot, but ivlimb the f)ala3onto1ogica] and stratigraphical 
revSearclies of Mr. Vredenburg liave shown to be sejiarated from the 
Ranikot by an um^onformity, and (ionne(‘.ted with the overlying Laki 
stag(', of Middle Eocene age. The removal of the Meting shales curtails 
the outcrop of the Ranikot, as originally mapped, by nearly 200 square 
mik's. This leaves only some 270 sijuare miles as the total area of the 
Lower Eoc-eno outcrop of which less than 200 square miles belong to the 
Upper Ranikot with marine fossils, the Lower Ranikot yielding nothing 
but plant remains, with the exctjption of a thin oyster-bed occasionally 
present at its lowermost limit. 

In a previous volume of these Records (Vol. XXXTV, pp. 85—94 
and 172—198), Mr. Vredenburg has indicated the possibility of recognis¬ 
ing four principal zones in the Upper Ranikot, the uppermost of which 
contains th(5 species Nummulites planulotus, indicating its approximate 


correspondence with the “ Sables de Uuise.” According to the scheme 
of correlation advocated by Mr. Vredenburg, tlie underlying zones 
approximately correspond with the horizon of the London Clay. One of 
the papers above referred to contains a tabular represcntatioji of the 
distribution of the echinoids within these four zones. In the strati¬ 
graphical introduction to Cossmann and Pissarro’s description of the 
molluscan fauna, Mr. Vredenburg lias nquixliiced this list, and has also 
added a similar table giving the zonal distribution of the Ranikot corals 
originally described by Duncan {PaL Ind,, Sor. XIV, part 2). In the 
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case ol the ecliinoids and corals, the distribution of tho described forms 
through the successive zones, or at least through the three upper ones, is 
fairly even, though tho species represented in the uppermost zone (zone 
4 of Mr. Vredenburg’s classification) arc somewhat more numerous 
owing to the greater richness of the collections from this upper horizon. 
Comparatively scanty collections have been obtained from the three 
lower zones, whose outcrops are situated in a region rendered somewhat 
inacciissible from the want of drinking water. 

In the cas(5 of the Mollusca, tho preponderance of material from the 
uppcirmost zone is so overwhelming that an att<unpt to represent the 
zonal distribution of these fossils in tabular form would be premature. 
Amongst the materials available for study, by far the greater proportion 
represents the collections gathered from the uppermost zone by Mr. 
Vredonburg in 1900 in the neighbourhood of Jhirak, at places very rich in 
molluscan remains, but which have added nothing of importance to the 
previously described ecdiinoids and corals. The zone of Niwiniiditcs 
flanulatas includes no le-s than 7^1 out of 100 forms described by Messrs. 
Cossmann an<l Pissarro ; 53 of these are restricted to the uppermost zone, 
but this large proportion is due to its preponderating share in the avail¬ 
able collections. 

The fossils so far described by Messrs. Cossmann and Pissarro 
include the Cephalopoda, Gastropoda, and Scaphopoda. Out of a total 
of 100 species, 22 had already been described by d’Archiac and Ilaime 
in their classical monograph on the Tertiary fauna of India. The 
remaining species are all new to science. There are no instances of iden¬ 
tity with Pluropean fossils, though the relation of certain species to 
Eocene fossils from Europe or other areas, civcii as far distant as North 
America, is sufficiently close for them to be regarded as representative 
forms. Certain genera or sub-genera (Aloeoapira, Aulicina, Volutoconus) 
absent from the European Tertiaries, exhibit Australasian affinities. 

The Cephalopoda include the genera Belosepia^ Slgracotheutis, Nauti¬ 
lus, The species Rtifracotheulis orieMalis Crick, very abundant in the 
uppermost zone, is particularly intere.sting as an example of one of the 
last of the extinct group of the bolemnites, intermediate in its characters 
between the Upper Cretaceous genus Belcmnitiila, and the Eocene genus 
Vasseuria, The species was originally described from a specimen 
collected on the Oman (joast of Arabia, thereby indicating the presence 
of Lower Eocene beds along the Arabian as well as along the Indian 
sliores of the Arabian Sea. 

Amongst the Gastropoda, the Opistohranchia are represented by the 
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genera Tornatclloea, Bulla, Acera. Of the various families of the Proso- 
branchm, those most abundantly represented are the Pleurotomidw (10 
species), Voluiidee (8 species), Strombidai (0 species), TunitelUdm ((> spe¬ 
cies), Natieidw (12 species). The species of Sironibidw in i)articular are 
represented by uurnerous specimens. Amongst species that are parti¬ 
cularly abundant Tuay be mentioned : Surcula Voijsci/i d’A. and II. (zone 
4), Volutospina Si/kesi d’A. and H. (all horizons), Cassidan’a Archiaci C. 
and P. (zone 1), Gisartia Murcinsoni d'A. (zones 2 to 1), Cah/ptrophorus in- 
diem C. and P. (principally zone 1), Rimella Prestidchi d’A. and H. 
(principally zone 4), Tercbclltim dislorlum d’A. and 11. (zones 3 and 4), 
Tcrcbelliim plicaluni d’A. and H. (zoncss 3 and I), Chniopii.'i dimorpho- 
spira 0. anti P. (zones 3 and 4), HJiiiwrlavis snbnuda d’A. and H. (zones 2 
to 4), RhinocUivis amjifsloaui d’A. and II. (zones 2 to 4), Turrittdla 
arujulala J. de C. Sow (all horizons), Mcsalia Meequenemi 0. and P. 
(zones 2 to 4), Ainpullina sindensis C. and P. (zones 2 to 4), Ampullina 
aulnconpira C. and P. (zones 2 to 4), Vehiten NocUimji f!. and P., closely 
related to the European fossil Vekite.'i SchmideU (zones 2 to 4), Delphlnula 
Cordieri, d’A. (zone 4). 


32. In describing an interesting nummulite from the eocene of north¬ 
western India under the name Nummu- 
]\'iniiiuulites \rt“dcu- Douvillei {Rcc., Geol. Surv. Ind., 

biivffi never. XXXIV, pp. 79—9.5, 1906) Mr. 

Vredenburg was imawaio that this nariui was pre-occupied by a 
species from the Appenrires described by Dr. Prever in a monograph 
which was not then available in the libraiy of tlu^ Geological Survey 
{Mem. Sor. Pal. SuissCy Vol. XXIX). Dr. Prever has proposed to sub¬ 
stitute the; name Numniulites Vredenhmyi Prever, for the Indian 
fossil (ficc., Gcol. Surv, Ind., Vol XXXVI, p. 239). 


n< 

O* 


)3. Mr. 0. II. 'ripper has nearly completed an account oi the Liassic 

and NeocomiaTi fossils of Baluchistan. 

Liassic ami \eocouiiaH collections wliioh form the basis of 

of Balucliistaii. ,. ^ i. • i • , i . 

Ins report were obtained mainly during 

the field-season 1905-0d, while surv(;ying the Native States of Kalat and 


Las Bela in Beluchistan. But tluu’e are also included co]]<'ctions made 
previously by Mr. Vredenburg in the vicinity of the Takutu, and by 
Lala Kishen Singh, late Sub-Assistant, from near Kalat. In 1907-08, 
while on study leave at Cambridge, Mr. Tipper made a preliminary 
examination of the whole of the material and a direct coniparison was 
made with the chief Europcian fossils. The detailed cxaminatioUi 
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continued since, so far as other duties have allowed, 1ms given the fol¬ 
lowing results. 

The divisions suggested from the study of the deposits in the field 
have fully borne out; that is, the Baluchistan Lias may be divided 
into Lower, Middle and Upper. The character and distribution of these 
three are roughly as follows;— 

Lower Lias .—Crinoidal Limestones and she ley beds. Shirinab 
tiassic fossils. valley, south of Mastung. 

Middle Lias .—Black limestones of the Takatu. Oolitic limestones 

and shales of Sarawan and Northern Jlielawan. Black 
shales and limestones of Southenr Jhalawan and Las Bela. 

Upper Black sliales of the Natraui river, Las Bela. 

The Lower and Upper Lias ere but poorly developed, while the Middles 
includes almost all the exposures examined in Sarawan, Jhalawan and 
Las Bela. 

The place of tlie lower and upper divisions is readily established by 
the fact that they liave yielded ammonites closely related to, if not iden¬ 
tical with, well-known Euro^^ean forms. Thus the Lower Lias has 
yielded Arictites sp. a(f. hisulcaius. The presence of this fossil shows 
that only the lowermost zone is represented. Other fossils are by no 
means well preserved, and their afiinities cannot be made out with satis¬ 
faction. 

The Upper Lias of the Natrani rivcir yielded a rich collection of 
ammonites, which, although not very well preserved, ate yet good 
enough for their affinities to be made out. The following species have 
been recognised:— 

. Harpoceras cj. serpentinum 

Daciylioceras cf, annulaiu7n. 

Hildoceras sp. * 

Oxynoloceras sp., young form. • 

These forms are typically Upper Liassic in age. All these ammounites 
were weathered out and collented from one gentle dip-slopo, so that the 
whole of the Upper Lias in this locality is crowded into a thin band of 
shale. The only other fossil found associated with these ammonites is 
a Spiriferina, which occurs in large numbers. This graceful ribbed form 
with a rather high area is distinct from any described form, and is 
undoubtedly new. . 
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The Middle Lias has yielded a very rich and interesting fauna, in 
which unfortunately aninionites are very rare, and exact correlation is a 
matter of difficulty. There are three areas where the Middle Lias is 
well developed, and, as these areas seem to corresjwnd to differences in 
fauna, they may be treated separately. The faunistic differences may 
be more apparent than real and are probably due to hurried collecting. 
The areas may be designated (1) the Takatu, (2) Sarawan and Northern 
Jhalawan, (3) the Porali river. 

Taking them in order, the Takatu area has yielded a fauna rich in 
numbers, but poor in species. It includes among the brachiopods Spin- 
ferina 7iov. sp. No less than 989 specimens of this species occur. 
Although there is a considerable variation among them, yet it is not 
definitii, end the specimens cannot be grouped except as a whole. 
Specimens of this species ore small in size and generally smooth. 
Those specimens which have passed maturity show faint ribs, and arc 
much stouter in habit than the yoimg and mature forms. 

Sjnriferina rostrata 8chloth. There are several specimens which 
may be referred to this species. 

A single spcicimen of a peculiar Spiriferimi occurs. It is extremely 
broad and very thin. Although very distinct, it is probably a sport and 
not a new species. Under the designation Terehtatvla synophrys Uhlig, 
T. pacheia Uhlig and T. synophrys var. polyptycha del Piaz. may also be 
included- All tluise forms occur, and are to be considered as variations 
of the type form. The young of this species is quite smooth. 

The occurrence of Evdesia sp. in the Lias of Baluchistan must be 
considered as one of its chief peculiarities, as elsewhere it is not found at 
a lower horizon tlxan the Inferior Oolite. 'Fhis genus occurs in consider¬ 
able numbers, not only in the Takatu area, but also to the south. 
Several specimens closely related to the European form Rhynchonella 
tdraedra Sow. occn.r. Of the lamellibranclis, the chief representative 
is the genus Pecten, with two species, the first related to Pecten 
{Aequipecten) oByuivalvis Sow., and the second to Pecten {EntoUum) 
hehUiiTOTh. . 

The rich and varied fauna of the Sarawan and Northern Jhalawan 
area has not been thoroughly worked out yet,’but the following are the 
most interesting points :— 

^1) The presence of the genus Evdesia, represented by a species 
different from that of the Takatu area. 

(i) The occurrence of a very peculiar Pecten. This at first sight 
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resenibles P. von Buch of the Lias of South America, 

hilt it differs in several important particulars ; the ribs are 
more numerous, angular and bear distirct spines, and during 
part of its life it was fixed by the left valve, ^fhis has led to 
the formation of a distinct angle, the upper part Hat or con¬ 
cave and the lower, convex. The appearance of this Pec- 
ten is so strikii'g that it is used as a charm by the inhabitpnts 
of Jhalawan. 

Spiriferina di Stejanoi del Piaz found in this locality, is a s})Coies 
with 11 high triungulpr area and peculiar orniuneniation , according to 
Dautzenberg it ought to be raised to siibgeueric rank. The occurrence 
of a new genus of ccliinoids is also of considerable interest. This and 
the remairing forms will be described in Mr. Tipper’s memoir. No 
ammorites were discovered in this area. 

The Porali river area is particularly interesting, rot only on account 
of the splendid preservation and number of the fessils, but also because 
many of them closely resemble Liassic fossils from Madagascar recently 
described by Thevenin in the Anmdes de PahumtoJofjie, tome IIT, fasc, 
111. Thevenin desmibes a Middle Lias fauna comprising, among other 
forms, a new genus of ammonites, Bouleicefas, Peeten amhmgoensis, and 
Spiriferina rostrata var. madagascarensis. These tliroo foiins can be 
matched from the Porali river collection. At the time of collecting three 
well-preserved fragments of an amnionite were obtained and at once re¬ 
cognised from the peculiarity of the suture as x^robably new. There is 
now very little doubt that they belong to tin; genus Boyleiceras. Peden 
awhongoensis can also be niatclied by a number of specimens. This 
liecten belongs to the same class as, ard is closcdy related to, that already 
mentioned^ as occurring in the northern area. Thevenin’s figures sliow 
perfectly the distortion of the left vrlve by the attachment area. This 
latter fact is suflicient to distinguish it from ary other peeten, and it Mr. 
Tipper’s suggestion is correct, that it is due to fixati^ during part of its 
liie, it ought to be raised to subgeneric rank. Similarly with Sp. ros- 
trata var. madagascaremis and its different forms figured by Thevenin, 
these three examples as well as ard many others show the close resem¬ 
blance of the Porali river fauna to that of Madagascar. 

Of the other forms occurring may be mentioned :— 

Lima ef. punctata Sow. 

Lima (Plagiostoma) gigantea Sow. 

Pholadomya cj. idea d’Orb., and many others. 



General Eeport for 1908, 


20 


Part 1.] 


34. Tlie opportunity was also taken by Mr. Tlpi^er, while on study 

leave, of examining a small collection 
Ncocomian. from the Belemnite Shales, a formation 

very widely developed in Baluchistan. The ag(* of these shales was fixed 
by Dr. Noetliug as Neocomian from the presence of Belemnites {Duvalia) 
dilaiata Blainv. The known fauna is so small that any additions are of 
interest. Broken and unidentifiable ammonites have been collected by 
several observers, but the field-season 1905-06 yielded several well-pre¬ 
served specimens. They have been identified as follows :— 

Iloplites amhlygonius Neum.—One specimen agreeing perfectly 
with Neumayr’s species. 

Olcostephamts sp., group of O, Although not specifi¬ 

cally identifiable, there is no doubt that it belongs to this 
gj’onp. 

Perisphinctes ? sp. 

Phylloceras cf. velledcB d’Orb. 

Phylloceras sp.—Young form, perhaps the young of Phylh cf. velledat. 
Criocems sp. 

In addition occur fragments of Aplychi, belonging to the groups imhri- 
eaii and punctati of Zittel. This association is typically Neocomian, and 
bears out Noetling’s correlation. Prom the presence of Hoplites am- 
blygonhis and O. sp. group of nsterianus, the famia may be considered as 
belonging to the Volgian type. 


35. Messrs, B. H, Pascoe and (>. de P, Cotter have added considerably 

to our Ivuowledge of the palscontology of 
Tertiary of Upper Bnrilia. the oil-bearing Tertiary strata in Upper 

Burma. Mr. Cottier lias identified the 
collections made by the late Mr. L. (1. Boyd of the Burma Oil Company 
in the Pogn series of Singu, Payagyigon-Ngashandaung, Padaung (near 
Prome), Kabat in the Myingyan district, Tauiigtha hill and hills jiear 
Kwatalin, 20 mihjs south of Taungtha. The lists of species from each 
area are given in Records^ Vol. XXXVl, pp. 131 and 132. 


36. During the field-season 1906-07, marine fossils were found for the 

Pegu beds. Pegu (Miocene) beds of 

the Yenangyaung inlier, occurring at 
two horizons. Neither of these corresponds well with any of Dr. 
Noetling’s zones, but the discovery proves tliat although the Pegu beds 
at Yenangyaung are less fossiliferous than at Singu, Yenangyat or 
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Minbii, tliey were deposited under similar conditions. The questions 
are discussed by Mr. Pascoc in a paper published in the Records (Vol. 
XXXVI, Part 3). Among other fossils described Mr. Pascoe gave a 
provisional name, Twingonia, to a fairly abundant form tlien regarded as 
of doubtful zoological affinity but since identified as fish otoliths. 

37. In addition to the classical locality, east of Minlindaung , from 

Freshwater fossils in the freshwater forms 

Pegu beds. Batissa crawfurdi and B. jietrohi were 

first obtained by Crawford ninety years 
ago, Mr. Pascoe has found two others in wliich these two species occur 
and one yielding the gigantic B, kodaungeiisis. Distorted specimens of a 
variety of B. craivfurdi, named yedwinensu, luivc also been found in 
the Pegu beds, 300 feet below the Pegu-Irrawaddi bomidary, thus point¬ 
ing to the local, temporary establishment of freshwater conditions. 
Those occAirrences have been described by Mr. Pascoe in a special pupu* 
{Bee,, Geol, Surv. Ind., XXXVl, Part 3). 


38. Messrs. Pascoe and Cotter have* described and figured {Bee, Geol, 

Dcndrophyllia. Part 3, p. 147), a 

n(!W species of the coral Dendrophyllia, 

D. niacroriana, found in the Singu and Minbu fields. 

39. The occurrence of an estuarijie bed under Calcutta was described 
by Mr. E. Vredenburg in 1904. ^ 

Dr. N. Aimandale, Sujierintendcnt of the Natural History Section, 

_ , . , , , Indian Museum, has since identified the 

Estiianiie beds niider i hi . ^ .i 

Calcutta animal remains found. Most of the 

specimens collected are remains of mol¬ 
luscs, including Telescofium jmeum (ffi., Paludimi (Vivijmra) bengalen- 
sis Lam., AmpuUaria globosa Swains, Arieia (?) mmeta Linn., Planor- 


his exwstus Desli., Arvmiia aehais Gray, Arat adatmimia Dljr., Ostrea- 
cucnllata Bow., and (Mrea canadensis Tk. All these can be identified 
with living sjKicies, either in the freshwater tanks, in the brackish 
estuarine ilistributaries of the Ganges, or, in one case, in the clear sea¬ 
water. The most interesting is the last-named oyster, which seems to 
have had a wide distribution, for the specimens found are not, as 
once suggested, imported to Calcutta as ship’s ballast, the same species 
being foimd still living and common in the Sunderbans. 

40. An occurrence of Lameta beds at Dongargaon in the Central 

lameta Fossil Fisli. Provinces was long ago brought into pro- 

minence by Hislop’s discovery of fossil 


1 JBcc„ Qcol. Surv. Ind., Vol. XXXI, p. 174. 
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fish-remains. Recently some of the specimens collected at this locality 
came into possession of the G<!ological Survey, and Dr. A. Smith 
Woodward has now completed their examination {Palasonlologia Indica, 
New Series, Vol. Ill, No. 3). All the remains appear to differ in 
specific characters from previously known forms, and three species 
have been distinguished. One of these, a Teleostean, is sufficiently 
strange to constitute a new genus, Eoserranus, while of the other two one 
is especially interesting, as it is the first-described specimen of the 
remarkable genus L&pidoslem that has been found in Asia, Dr. 
Woodward’s description thus confirming Hislop’s suspicion regarding 
the occurrence of this genus in the Lameta beds. All three genera 
have their nearest known relatives in the early Tertiary rocks of Europe 
and America. No true Percoid fish has besen found hitherto in typical 
Cretaceous strata, and the oldest known member of the group to which 
Eoserranus belongs is Prolates of the Montian stage in France. Lepi- 
dosteus also ranges from the Lower Eocene to the Lower Miocene in 
Europe and from the Lower Eocene to Recent in North America, while 
the third genus, Pycnodus, represented in this collection has not been 
found outside the Eocene. Thus, judging by the evidence of the 
fossil fishes alone the age of the Lameta bed from which they were 
obtained would be between the Danian and Upper Eocene. 

41. Captain F. L. Ditmas and Mr. S. D. Ware have sent to the 
• Museum some fossil plants collected in the 

^*^^**^*’ Pencil valley coalfield between the vil¬ 

lages of Dongor Porashea and the bound¬ 
ary of th(i Deccan Trap, north of the village of Hurreye. The specimens 
were obtained in an area marked as Barakar on the map accompanying 
the late Mr. E. J. Jones’ memoir on the Satpura coalfields (Mem.., Geol. 
Surv. Ind., Vol. XXIV, Part 1), but according to the donore the beds 
are above, the coal measures. The collection, identified by Babu 
Bankim Bcliari Gupta, Museum Assistant, includes Phyllotlteca indica 
Bunb., Glossopteris indica Schimp., Gdmjamopteris cyclopteroides Fstm. 
and several other forms H])parently new. The material identified is 
hardly sufficient to settle the age of the beds, and it is hoped that 
further discoveries of fossil plants in this area will be made in order that 
the Pench valley bods may be compared with the Mohpani coalfield, 

which, on the other side of the Satpura basin has yielded Karharbari 
plants. 
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42. Mr. N. D. Dtini wi's clejniU'd to tlui Tsiikli*'] lalisil, Mianwali dis- 

tnVf, Punjab, early in the year to report 
ifliainvsUi District, indigenous industry of alum niamx- 


Puiijab. 


fiioture and on tlie j)yritous shales wbicli 


were considered lo lx* of possible* value for tlie manufacture oi suljdiuric 
acid. 


At Kalabagh the total length of the shale outcrop is about 
a mile and a half, with an average thickness of eight foot. About 
tin; same length of outcrop is accessible at Kotki, but the average 
thickness is four times as great, and the shale bed extends for 
eight miles east of Kotki. Patches only in the shale have been 
found to be rich enough for working. In these the average sulphur- 

content is 9’5 per cent., and there is besides bituminous matter 

present to the (sxtent of about per cent. The pyrite which 

mainly contributes to the sulj>hur-content is as a rule extremely 
comminuted, and can bo distinguislied only under the microscope. 
There is just a trace of gold in the sliale. The shale is lissile 
to compact, light-gray to deep-black, and breaks with a conchoidal 
fracture. When freshly-mined it wull take finger impressions, and 
when containing bituminous matter it lias a greasy feel and can 
be ciasily given a lustre. 

There is no systematic mining. The mines often are narrow, 
low, tortuous passages or screw-shaped shafts, and do not reach 
below th(i level of the adjoining springs. There is no provision 
for ventilating tlu^se hot mines and timbering is rarely found 

necessary. « 

At Kalabagh the alum mnnufacturer pays one rupee for twenty- 
five maunds of the shale; one-third of this amount going to tlie 
Malik of Kalabagh as royalty. At Kotki, the price is 35 maunds 
to the rupee, all of which goes to the miner. 

The sliale is roasted in the open, and there is considerable loss 
of sulphur dioxide. In roasting, the fresh shale is mixed with an 
equal quantity of previously used, but not quite exhausted, shale, 
which has been subjected to spontaneous oxidation for a year or 
more. The roasting is continuous, portions of the heap being cut 
away on one side to supply the works, and fiesh and old shale 
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added on the other. Owing to the low sulphur-contont, fuel has 
to be used. 

The roasted shale is lixiviated, allowed to settle, and then 
boiled. When sidfieiontly concentrated, a mixture of crude chlo¬ 
rides, nitrates and sulphates of sodium (chiefly) and of potassium, 
is added, and the liquor transferred to crystallization tanks. When 
the crystals from these are. removetl after a week, th(5 mother 
liquor is added to the fresh liquor from the roasted shale in the 
lixiviation tank. The crystals arc allowtid to accumulate for ten 
days, when they are fused in their water of c,r 5 ^stallization, and the 
melt is poured into earthenware pots sunk into the ground. When 
it has, rocrystallized, the alum is ready for the market. The alum 
is mainly sodium-alum with a small proporthm of potassium-alum. 
Tt goes to Delhi, Ifissar, Sirsa and other centres of tanning and 
dyeing industries. The price of alum, at Kalabagh in b^ebruary 
JOOH was Rs. 4-12-0 a maimd, and at the end of March 1908 it 
w^as Rs. 4-S-O. 

The practices at Kotki is essentially the same as at Kalabagh. 
The output was IG inaund» a day at Kalabagh, where only one 
factory (which had been restricted on a rise of [)ri (!0 of alum in 
November 1907 to Rs. r> per inaund) was working; at Kotki, each 
of the three fa(;tories, which work for only six or seven months 
in the year, ^as a daily output of 25 inaunds. The annual output 
of Tsakhel Tahsil may be put roughly at 20,000 maunds or 750 
tons. Kalabagh, in spite of the high cost of shale there, can com¬ 
pete with Kotki owing to its ])voxiniity to the Indus ajid the rail¬ 
way, whereas Kotki manufacturers have to haul in part of their 
alkaline salts and haul out the wdiole of their alum output, by 
canxel transport over a distance of nearly ton miles. 

Improvements in the manner of roasting the shale, and in the 
(ionstruction - of the Mre-chan}bcr for the boiling-pans are desirable. 
What is of perhaps greater importance still is the abandoning of 
the use of lime in the linings of the various tanks, and the sub¬ 
stitution of plaster of Paris for it, there being plenty of gypsum 
near at hand. This change W'ould probably prevent a waste of over 
six rupees’ worth of the acid at each factory every day. 

The alkaline salts come from Mandakhel and Kamar-Mashani 
in the Isakhel Tahsil, Rokhri and Thatli near Mianwali, 
and Shahpur. At the first two plates they arc obtained by 


I) 



Dandot. 
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concentrating and crystallizing the product of lixiviation of the 
scrapings of the soil of the neighbourhood. 

13. Mr. Daru visited the Dandot Colliery of the North-Western 

Railway, where pyritous shales are also 
known. The shale here, on account 
of its high carbonaceous contents, is unfit for acid-making, but can 
bo used for alum-making more advantageously than the shale of 
Isakhel Tahsil. The markets are 125 miles nearer, the source of 
the best alkalies is only half as distant as from Kalabagh. 

China-clay. 

44. In addition.to an examination of the sands supposed to bo 

Raiuishal Hill*, IHilMl. 

Stuart paid special attention to the 
clays of the Rajmahal hills said to be suitable for the manufac¬ 
ture of china and porcelain. Gooi\ material was found at three 
localities on the west of the hills, namely, Paturghatta near Colgong, 
Buskia near Katungi (24'^ 28'; 87° 29') and Dodhanee (24° 17' ; 
87° 29'). There is oviden(!c at the first-mentioned locality that the 
kaolin is of wide extent and that the quantity, speaking from a 
manufacturer’s point of view, is unlimited. The quality of the 
clay is good, and it resembles strongly the Cornish china-clays. 
The extent of the deposits of kaolin at the other twef localities is 
undetermined, but there are indications that there is a fair quan¬ 
tity at (;ach place. In quality the clays from the last two 
localities seem to be equal to that of the clay obtained from 
Paturghatta, 

In addition to those deposits, kaolin occurs in the white Damuda 
sandstone of the district and it is being extracttnl from the same 
sandstone at Mangal Hat near Rajmahal for use by the Calcutta 
T’ottery (company. In quality it seems to be good and at Mangal 
Hat it is obtained very free from mica. On the west of the hills, 
liow(iV('r, th(^ Damuda sandstone is more micaceous, and therefore 
would not be so suitable for the extraction of kaolin. Mr. Stuart’s 
full report will be published in the Records. 

Chromite. 

45, In April Mr. Fermor paid a visit to an occurrence of chro- 

discovcrcd in a serpentine at the 

»'^lUgDlluni, JKlIgai. u o 4.1, A t -u 

Sum Pass on the road from Chaibasa 
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to Sonua, B. N. B., by Mr. K. Saubolle, prospecting on behalf of 
Messrs. Martin & Co. of Calcutta. Twelve small excavations had 
been made, and from each chromite had been obtained. In three 
of them the chromite was seen in situ ; it occurs as bed-like veins 
and disseminations in serpentine. These veins range up to about 
10 inches in thickness, and in one of the pits formed a network. 
1'he junction betw(ien the chromite^ and the ser]:>entine is usually 
sharp, but some specimens show a passage from (diromito with 
very little serpentine, through serjwmtine containing disseminated 
grains of cliromite, to serjx'ntiue practically fn^e from chromite, 
Tlie ore is of fairly high grade. A samj)le taken from the little 
stacks of ore—perhaps 10 tons in all—lying by the si^ of each 
opening yielded 50*05 i^er cent, of ses(juioxide of chromium Cr^Oa. 
Further pro.s])ectiug has led to the discovery of other occurrences 
of chromitt; in this area ; but none has yet been proved to be of 
commercial value. 

Copper. 


16. During the field season of 1907-08, geological and mineral 

Siiigbhum, Bciiffal. Singbhuin was continued by 

a party, <^on5istmg of Messrs. L. L, 
Fermorand K. A. K. Hallowes, witli two students, Mr. G. G. Narke 
of Nagpur a^id Babu Kiran K. Scmgiipta of (.'alcutta, wlio were 
being instructed in methods of field-work. Mr. Fermor’s time 
was s]ient in making a general examination of the ground with 
reference to the origin and mode of occurrence of the copper de¬ 
posits, the relationships of tJie various rocks one to anotJier, and 
tlie examination of various mineral deposits other tJian copper. The 
various portions of liis work are noticed under petiology, 
chromite, iron, and manganese. With regard to the mode of oc¬ 
currence and origin of the copper deposits he is in more or less 
geiK'ral agreement with Mr. Hallowes’ conclusions and descrip¬ 
tions, as embodied in his progress r(',ports. 


Mr, Hallowes took up his work where he left it in the previous 
season, namely, at Matigara in Dhalbhum, and continued the exa¬ 
mination of the copper belt to the south-east and south-south-east 
as far as Bhairagora near the Mourbhanj bordc", beyond which 
locality he was not able to find any further old copper workings; 
all his work tlus season thus lay in the Dhalbhum Estate. Old 
copper workings are now known to occur at intervals along a bolt 
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stretching for some 80 miles from Duarparam on the Bamini River 
in the Kera Estate on the extreme west, through the Kharsawan 
and Saraikala States. So far the general trend of the belt is 
practically due east; but on entering the Dhalbhuin Estate, 
within which it lies for the remainder of its course, at Landup 
the strike of the belt curves round to south-east, running through 
the Rajdoha and Matigara properties of the Rajdoha Copper Com¬ 
pany, Limited, and then through the wild south-east portions of 
Dhalbhum to Bhairagora, at the extreme south-east end of the belt. 
This curving round of the strike is an expression of the fact that 
throughout its course the strike of the copper belt follows that of 
the Dhar^ar schists and phyllites in which the copper deposits 
occur; the strike of the Dharwar rocks themselves is determined 
by the shape of the enormous area of granite occupying central 
and southern Singbhum, as they dip away from it everywhere. 

The copper-ores occur as rather indefinite lodes interbedded 
with the Dharwar phyllites and schists; sometimes the ore is 
collected into fairly well defined bands, but very frequently it occurs 
in the form of grains disseminated through a considerable thick¬ 
ness of schists so sparsely as to be Tinworkable ; whereas if the 
same amount of copper minerals had been concentrated into 
smaller thickness of schists workable deposits of ore would have 
been formed. When concentrated into definite «lodes, as at 
Matigara, the ore may be of fairly high grade, and well worth 
working if it can be proved to exist in sufficient quantity to render 
it worth while to erect the plant necessary to handle large quanti¬ 
ties of ore. The development work being carried out from the 
Gladstone shaft in the Matigara mine by the Cape Copper Company, 
on an option held from the Rajdoha Copper Company, has given 
somewhat encouraging results, but, until a considerably larger 
amount of drilling and underground development has been accom¬ 
plished, it will not be possible to speak with certainty of the pros¬ 
pects of this mine. As seen at the outcrops the lodes seem to be 
very poor indeed, where they have not been removed by the an¬ 
cients. Typically, they consist of small thicknesses of vein quartz, 
associated with malachite, chrysocolla, and red oxides of iron con¬ 
taining a small qunatity of copper, possibly as red oxide, with 
sometimes small encrustations of liebethenite. In depth, as seen 
in the diamond-drill cores and the levels of the Matigara mine, 
the ores consist practically entirely of chalcopyrite. The other 
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Vinerals noticed above are evidently the outcrop alteration products 
of the yellow sulphide. Judging from small specimens found on 
the dump heaps of the old workings there must be a zone of 
chalcocite not very many feet below the surface, probably formed 
by secondary enrichment at the expense of the portions of the 
deposits denuded away, and of those now appearing as gossans of 
oxide ores. The primary chalcopyrite ores have probably been 
deposited in their position as rather indefinite lodes following the 
bedding of the schists, subsequent to the arrival of the schists in 
their present position. The schists with which the copper lodes 
arc associated are chiefly varieties of muscovite and chlorite- 

quartz-schists, with quartzite layers. Apatite and tourmaline are 

also common minerals in these schists. 

The diamond drilling accomplished during the year included :— 

(o) McUigara, three miles west of Moholia, B. N. R., in the 
Dhalbhum Estate. This hole was put down to a depth 
of 837 feet to test the extension in depth of the lode 
exposed at a depth of 229 feet in the Gladstone shaft, 
the Cape Copper Company bearing half the expense of 
the hole. The most valuable portion of the lode was 
cut at a depth of 736 feet from the surface, but the 

rocks were cupriferous for a vertical distance of 46 feet, 

(dip of lode =38°). The cores were assayed in sections 
by Mr. Hallowes. with the following results :— 


Portion of core. 

Actual thickness. 

Copper. 

693'—697' 

316' 

2*0 per cent. 

697'- 701' S'' 

3-67' 

1-29 

733' 6"—736' 1' 

210' 

101 

736' r—736' 6" 

1 

0-26' 

12-81 

736' 6'—739' 

2*03' 

0-42 
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(6) LaukisrOy to the south-west of Ghatsila in Dhalbhum. This 
hole was put down to a depth of 392 feet to test a 
lode indicated by some old workings. The cores were 
found to bo noticeably cupriferous between the depths of 
150- and 184 feet. Taking the dip of the rocks as 21° 
the thickness of cupriferous rock or ‘ lode * is about 23 
feet. The lode was assayed by Messrs. Snelus and Duff 
of the Cape Copper Company, with the following 
results;— 


1 

Position of core. 

Aoi ual thioknoss. 

1 

j Coppor. 

150'—168' 

1 

16-80' 

2*65 per cent 

169'—171' 

1-86' 

‘2-13 

170'--184' 

4-66' 

1-37 .. 


The results ol these borings confirm those previously obtained, 
showing that generally speaking the ores of Singbhuni are of low 
grade, and on the whole just below what is likely to be payable, 
except when working on very large quantities of ore. A thickness 
of 16*80 feet, averaging 2*65 per cent, copper found at Laukisra, 
should, however, lead to the further testing of this occurrence by 
private enterprise. The 3-incli layer of ore giving 12*81 per cent, 
copper found at 736 feet in the Matigara hole is aleip of consider¬ 
able interest, because this band happens to be identical in its 
mineral peculiarities with a persistent band of chalcopyrite, with 
blebs of quartz, ranging from 6 inches to 2 feet in thickness and 
found in the Matigara mine at a depth of 228 feet. It may so 
happen that at the depth of 73C feet the drill passed through a 
very thin portion of this characteristic band of ore, which is typi¬ 
cally very variable in thickness. The encouraging feature is that 
this hole indicates the persistence of this band of rich ore from 
the depth of 228 feet to that of 736 feet. The Geological Survey 
drills have been lent to the Cape Copper Company, which is now 
further testing the Matigara lodes. 
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Engineering Questions. 




47. At the request of the Chief Engineer, United Provinces, 

and of the Consulting Engineer for 

uSli pioSl ““ 

Mr. Lalouche reported on the geo¬ 
logical features of certain sites selected as suitable for reservoirs 
and canal heads. These include :—(1) Murwari, on the Ken river, 
in the Fanna State, at the point where the river issues from the 
scarp of Upper Vindhyan sandstones and shales near the southern 
boundary of Bundelkhand; (2) Kota, on the Bairma river, a 
tributary of the Ken, at the foot of the same scarp further west; 
(3) Gangao, whore the Ken river issues from a gorge in the Lower 
Vindhyan sandstones at the head of the plateau of northern 
Bundelkhand; (4) a weir site on the Ohen river near Karwi, in 
Vindhyan sandstones; (6) a canal head on the Paiauni river, also 
near Karwi, where it is proposed to build the dam on a band 
of Vindhyan limestone, which forms a bar across the river; and 
(6) a dam in course of construction at Pahari on the Dhasan river 
near Harpalpur, where the foundation consists of Bundelkhand 
gneiss traversed by dykes of basic rock. 


Fire-clay. 

48. While examining the china-clay deposits of the Rajmahal 

■Mjmalial lllll., ““"“y 

® regarding some deposits of excellent 

fire-clay in the Hura, Chuperbhita and Pqchwara coalfields. The 
deposits are rather difficult of access at present and are not very 
large, being distributed through the holds in beds seldom exceed¬ 
ing six feet in thickness. 


Olass-making Sands. 

49. Mr. Murray Stuart was deputed to the Rajmahal hills in 

Rs^niahal Hills, Beugfal. January to examine certain occurrences 

of sand reported to be suitable for 
g^iass-making, and his report is published as a separate paper in 
Records, Volume XXXVII, Part 2. 

He concludes that the sand met with in this area is generally 
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unsuitable for the manufacture of any but the commonest kinds 
of bottles. Sands occur as— 


{a) recent river-sands, and 

(6) Damuda (Gondwana) sandstone. 

■ 

The river sands, of which the Ganges sand is the purest and 
most free from iron, yield a dark-green glass, which is only suit¬ 
able for the cheajio.st beer- and wine-bottles, and is too dark to be 
affected by the admixture of manganese with the raw materials 
before fusion. 

The white Damuda sandstone yields a sand with a high per¬ 
centage of silica, and is the one mentioned by Mr. J. G. Gumming, 
I.C.S., in his report on the Industrial position and prospects in 
Bengal in 1908 (page 28, paragraph 2). The sand obtained from 
this sandstone yields a glass which is only faintly coloured by iron; 
consequently, by the admixture of manganese with the raw materials 
before fusion, a colourless crystal glass can be obtained. The 
objection to the use of tliis sand for glass-manufacture lies in the 
fact that it contains a somewhat large quantity of kaolin wliich 
it is practically impossible to eradicate imder working conditions. 
The result of this kaolin is that the glass contains small inclusions, 
about the size of a pin’s head, of a white opaque substance which 
is practically pottery; this of course renders the sand of little 
value^ for glass-manufacture, as no increase in temperature will 
affect the inclusions. 


IlaininHir Jlistrict, 
Unitcil Provinces. 

river, a tributary of the 
examine them, as it was 


Gypsum. 

50. Inforniation having been received from the Collector of 

Hamirpur District in the United Pro¬ 
vinces that deposits of ^psum had been 
found at several places near the Biarma 
Betwa, Mr. LaTouche was deputed to 
thought that, if the deposits formed a 
continuous bed, such as their reported mode of occurrence seemed 
to imply, they might possibly be of Lower Tertiary age, and afford 
a clue to the presence of Tertiary strata along the southern edge of 
the Gangetic basin beneath the alluvium. The examination of the 
beds, however, disclosed the following facts:— 

(1) That the g)rpsum, in the form of crystals of selenite, is 
entirely confined to the older alluvium in the neighbour¬ 
hood of the rivers and that it is of recent origin. 
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(2) That the crystals are found at certain definite spots at a 
depth of from 4 to 6 feet over very limited areas, the 
largest of which, near the village of Puraini, measured 
about 600 square yards, and that the mineral does not 
form a continuous bed or layer, being vpry limited in 
quantity. 

(8) That the selenite crystals appear to have been deposited 
in a plastic clay occurring at these spots by water per¬ 
colating from below, holding sulphate of lime in solu¬ 
tion, ajid evaporating before reaching the surface. 


Iron-ore. 

51. Whilst working in the Singbhum copper area Mr. Ferraor 

Cliota iVaffpur opportunity to examine vari¬ 

ous deposits of iron-ore being developed 

by the Bengal Iron & Steel Co. for their smelting works at 

Kulti. 

Tliese may be divided into two groups—the Turamdih deposits, 
some 4 miles from Kalimati, Bengal Nagpur Eailway; and the 
Hakigora deposits, some 8 miles from Kalimati, and separated 
from Turamdih by e high intervening range of hills, which may 
be called the Dhoba Hills ; this is composed of quartzites, slates, 
and pliyllites of Dharwar age, which is also the age of the rocks 
with which both groups of iron-ores arc associated. 

The Turamdih deposits occur in some foot-hills at the north 
base of the Dhoba Hills in the villages of Talsa, Turamdih, and 
Kudada. The ore is magnetite ; it is found in a series of schistose 
magnesian rocks, which liave not yet been closely studied, but 
which contain steatite, as an important constituent. The magnetite 
occurs in the magnesian schists in four ways 

(1) as'scattered granules; 

(2) as large patches of irregular shape ; 

(3) as definite veins traversing the magnesian rocks in any 

direction; 

(4) as veins up to 3 feet thick, composed of magnetite, with 

vein quartz, secondary limonite and chert. 

The magnetite is probably the result of segregation from the igne¬ 
ous rocks from which the magnesian rocks have doubtless been 
derived. At the si rface the magnesian schists have been much 
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weathered, with the liberation from its matrix of a large quantity 
of magnetite in the form of granules and small lumps. These are 
recovered by sifting and picking by women and children, and 
form the chief portion of the ore won here. A certain quantity 
is, however, obtained in situ, by following up the thicker veins 
in open excavations. 

The Hakigora ores occur ir some small hills to the south of the 
Dhoba range. They consist of the banded magnetite and hematite 
quartzites so typical of the Dharwars in many parts of India. As 
at Turamdih the chief source of the ore is a detrital deposit formed 
by the breaking dow7^ of these ferruginous quartzites, in the course 
of which the layers of iron-ore are to a certain extent separated 
from those of quartzite, A small quantity of ore is also won by 
working the rock in sitUy wlierever there happen to be bands of 
iron-ore of sufficient tluckncss. 


Manganese. 

Tyl, During the year Mr. Fermor completed his monograph on 
the Manganese-ore Deposits of Indie, issued as Volume XXXVII of 
the Memoirs, The cliief results, briefly mentioned in previous 
lleports, are now brought together in a form that will be of great 
practical value to those engaged in manganese mining; but the 
work is equally important as a contribution to the purely scientific 
questions connected with the ore-deposits and associated rocks. 
From every point of view this memoir supersedes anything hitherto 
published on manganese-ores, and will take a prominent place in 
geological literature. 

3. In January, 1908, Mr. Fermor visited two deposits of man¬ 
ganese-ore discovered since his previ- 

Siiitbhnin. Bensal. 

One of these—Tutugutu, near Chaibasa~i8 exactly like those previ¬ 
ously examined in this area. The other is Leda Hill, which rises 
to a height of about 1,000 feet above the plains level near Goilkora, 
Bengal-Nagi>ur Railway. It is the only example in the district ot 
a manganese-ore deposit occupying the top of a hill. But like 
the deposits of the Chaibasa area, this deposit has been formed 
by the superficial replacement of Dharwar slates, phyllites, and 
quartzites. The quantity of merchantable ore is small. 
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54. In November, during a visit of inspection to some of the 
^ , mantranese mines of the Central Pro- 

Central Provinces. . ® nir 4. 

vmces, Mr. Fermor obtamed at the 

GowariWarhona deposit in the Chhindwara district an important piece 
of evidence bearing on the age of the manganese-ores. Now that 
this mire has become deeper it is found that the manganese-ore 
band, which at the surface was fairly continuous, is much broken 
up by pegmatitic intrusions. These are seen abruptly truncating 
the beds of manganese-ore; and in one place a thin vein of 
j)egmatitic rock was seen traversing the manganese-ore beds, and 
containing a small isolated inclusion of high-grade manganese-ore 
identical in physical appearance with the ore on either side of the 
vein. From this it is evident that the high-grade manganese-ore 
of this part of the mine was in existence at the time of intrusion 
of the pegmatitic rocks; the date of the latter is to be regarded 
as Archaean in the absence of evidence to the contrary; and 
hence it seems fairly certain that a portion at least of the man- 
pancse-orc of the Central Provinces was in existence in Archaean 
times, so that the present position of the deposits can have no 
genetic relation to the surface of the ground, and therefore the 
deposits may be expected to continue to depths that have no 
relation to the level of ground water, i.e., possibly to very consi¬ 
derable depths. The deductions drawn from this occurrence at 
Gowari Warhona agree with certain evidences of intrusion of peg¬ 
matitic rocks into manganese-ores obtained at other desposits in the 
Central Provinces. 

65. In December, Mr. Fermor visited some manganese-ore dc- 

^ posits opened up during the year in 

eautpur state. ij.ngpm'st.te ta Bengal, lim are 

of considereble interest, because the ores contain braunitc, and am 
associated with spessartite and rhodonite. In fact th* occurrences 
resemble ir every way the deposits typical of the Central Provinces 
rather than the superficial deposits of Singbhum, the only other 
part of Bengal in which manganese-ore deposits of any note have 
been located. The discovery of the gondite series in Gangpur is 
of considerable interest, since it means that this series has now 
been found at intervals over a belt, aligned roughly efst and west 
for a distance of 700 miles, extending from Jhabua and Narukot 
on the west, through the Nagpur-Balaghat area of the Central 
Provinces, to Gangpm State in Bengal on the east. The gap 
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between the western exposures and the Central Provinces is largely 
occupied by the Deccan Trap formation; but in Chhatisgarh, 
occupying the gap between the Balaghat district and Gangpur, 
there are several areas of Archcean rocks, and consequently it will 
not be surprising if future prospecting loads to the location in this 
area ^ of manganese-ore deposit? associated with gonditic rocks. 
The Gariajlior deposit in Gangpur seems to be of considerable value, 
the ore being first-grade; owing to the small lead to the sea¬ 
board as compared with the Central Provinces, it will be possible 
to export ore at a profit from this deposit at times when most 
of the mines of the Central Provinces are closed down. 


56. While on duty at Nagpur in connection with the Centra 
- , f • . Provinces and Berar Exhibition in 

CeuTra?^ November and December, 1908, Mr. 

Fermor was also deputed to make a 
third inspection of the manganese quarries. During this tour the 
following deposits were visited ;— 


Chhindwara District. —Gowari Warhona, worked by the Indian 
Manganese Company, Limited. 

Nagpur District, —Mansar and Kandri, worked by the Central 
Provinces Prospecting Syndicate, Limited; Kacharwahl 
and Pali, worked by the Central India Mining Company, 
Limited. 

Bhaudara District, —Chikhla, worked by the Central Provinces 
Prospecting Syndicate, Limited; Kosumbah and Sukli, 
worked by the Central India Mining Company, Limited. 

Balaghat District, —Thirori, worked by Mr. D. Ijaxminarayan. 

As in all his previous work on the manganese-ore deposits of 
the Central Provinces, Mr. Fermor received the friendly alsistance 
of the managers, and his report has been submitted to the Central 
Provinces Administration for communication to the Companies con¬ 
cerned. 

As a result of his investigation Mr. Fermor is satisfied that 
there is now a general desire throughout the manganese area to 
work the deposits on sound principles, and in many cases consider¬ 
able expenditure has been incurred in developing deposits by 
improved methods. 

The point on which the future of the manganese industry oi 
the Central Provinces turns is whether or no the manganese-ore 
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deposits continue of workable quality to any depth below the 
surface, or whether they are purely superficial in their mode of 
occurrence. Judging from the evidence discussed on page 43, it will 
be seen that some of the deposits probably continue to consider¬ 
able depths. • But this question cannot be settled satisfactorily 
until some of the typical deposits are tested by boring. When, 
in any given case, a company wishes to plan out the underground 
working of a deposit it will be wise first to test the deposit by 
boring to as great a depth as it is proposed to work it. 


Petroleum. 


Burma. 


Nr. E. II. Pascoe. 


57. The Burma Oil-fields party for the season 1907-08 consisted 

of Messrs. E. H. Pascoe, G. de P. 
Cotter and Sub-Assistant S, Sethu 
Rama Rau. 

58. The first three months, up to the third week in January, 

were spent by Mr. Pascoe on the 
Yenangyaung Oil-field. Part of this 

period was spent in office work and in the consideration of the 
numerous points connected with the proper development of those 
portions of the field known as the Twingon and Berne Reserves. 
The rest of the time was taken up with the completion of the 
geological map of the Pegu inlier enclosing the oil-field. The 
anticline, on its flanks, is studded with small dip-faults, which, 
though unimportant in size, are inten^sting as indicating the direc¬ 
tion of strain at the time the post-Irrawadi sandstone fold was 
produced. The direction of the anticlinal axis is 28° W. of N. 
to 28° B. of S., whilst the general average direction of these faults is 
north-east to south-west. Besides these flank faults, which are 
usually observed crossing and displacing the boundary bed between 
the Pegu, beds and the Irrawadi sandstone, there are numbers of 
minute faults or slips having no constant system of orientation, 
in the more central area including the crest. Some of them may 
very possibly account for some of the anomalies in the petroliferous 
horizons. Around and south of Berne mud veins take the place 
of these faults and in some cases axe actually widened and plugged 
faults: they probably represent some former outflow of mud in 

the form of “ mud volcanoes,” which have since been entirely 
Removed. 
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February was spent in the Lower Chindwin District, examining 
the numerous oil indications west of Kani and Kin. Small quanti¬ 
ties of oil have been obtained by Burman^ by digging pits, and 
these as well as natural seepages, occur on or near the crest of 
an anticline similar in structure to that of Yenangyat, having 
steep or vertical dips on its eastern, and comparatively gentle ones 
on its western flank. The rocks consist largely of hard impure 
limestone or calcareous sandstone, and conglomerate with limestone 
pebbles. The impervious nature and consequent small liquid-retain¬ 
ing capacity of the strata, as well as the dense and often impenetrable 
jungle clothing the hills, render prospecting hazardous and unpromis¬ 
ing. The petroliferous rocks are presumably of Pegu age, as they 
are succeeded eastwards by fossil-wood-bearing, soft sands of the 
ordinary Irrawadi sandstone type. 

The rest of the season was spent on the volcano, Mount Popa, 
in the Myingyan district. The bulk of tho volcanic material is 
evidently post-Trrawadi sandstone in age, but a thin bed of ash 
and tuff intercalate<l among the latter sediments shews that acitivity 
commenced before tlie end of that period. The volcanic deposits 
consist mostly of conglomerates, tuffs, ash and andesitic lava flows. 

59. After initiating Mr. Sethu Kama Rau into his work at Singu, 


Mr. G. de V. Cotter. 


Mr. Cotter commenced at the end of 
November an examination of the south¬ 


ern portion of the Gwegyo Hills in the Myingyan district, and 
early in December continued his survey southwards along tho 
same fold, including the Payagyigon-Ngashandaxmg Oil-field. The 
results of this work have already been published (ffcc., Geol. Swru., 
Jnd., Vol. XXXVII, pt In February Mr. Cotter removed 

to the Pakokku district. The hills north of Myaing village were 
found to consist of igneous rock, and an examination of the country 
around the oil •seepages near Kyaukwet and Seewin shewed that the 
area was one of great faulting and contortion. In the latter 
region there is no simple anticlinal structure and the prospects of 
obtaining oil in any quantity are problematical. One point of some 
interest was the occurrence here of fossil-wood and marine fossils 
(Pectm, Turritella, etc.) in the same conglomerate. 

With the exception of a brief visit, at the request of the Burma 
Government, to the Taungu stone quarries, the rest of the season 
was spent on the northern part of the Yenangyat Oil-field. The 
results of the latter will very shortly be published. 
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60. With the exception of about two months around Yenangyat 

and a brief visit to Thayetmyo, this 
M. R. Ry. S. Setlin Ramft ae^aon was spent or the Singu Oil-field, 

mapping the various fossil bands in 
the Pegu series. Some of these were traceable for a considerable 
distance, and could be recognised on both sides of the anticlinal 
crest. The fossil bands mapped were sulRcient to demonstrate 
nicely the structure of this portion of the fold, and should be of 
some assistance in drawing the boundaries of the oil pools in the 
separate sands. Among the fossiliferous bands is ore noticed by 
Grimes as the basal bed of Noetling’s Yenengyaungian stage, con¬ 
sisting of a fissile clay containing sandy nodules, in each of which 
is found a cast of a fossil, usually Tdlina or Cardium: those 
nodules recall forcibly the “ box-stones of the English Red Crag. 
Another easily recognisable horizon, low down in the series, is 
characterised by abundance of the coral Dendrophifllia macrormmi 
tliia horizon was also identified at Yenangyat. Several specimens 
of Batissa kodaunoensis were found along the Pegu-Trrawadi bound¬ 
ary bed in block 28, Yenangyat. In block 31, Yenangyat, many 
specimens of a Melania were found in the red boundary bed. Two 
or three dip-faults were traced in the Singu field, the most con¬ 
spicuous running through blocks 55° N. and 56° N. The boimdary 
also between the Pegu and Irrawadi series (both in Singu and 
Yenangyat) is described as a strike fault. 

61. Mr. Cotter has published an account of his observations on 

the Tertiary strata in the Taungtha 
hills in the Myingyan District. He 

finds the structure of these hills to be that of an asymmetric 

Taungtha Hills saddle-shaped anticline, or a single fold 

comprising two united elliptical domes, 
the direction of the axis being 30'’ west of north. Faults occur, 
but the most interesting point observed was the nature of the 
asymmetry of the anticline. Contrary to the usual condition, it 
is the dips on the west of the crest which are steep, while those 
on the east are gentle. 

The hills consist of Pegu beds as shown by fossils and the 
occurrence of selenite. The rocks have been subjected to consi¬ 
derable pressure, and Mr. Cotter concludes that the prospects of 
obtaining oil in this area are poor, owing to contortion and fault¬ 
ing (Rcc., Oeol. 8urv., Ind., Vol. XXXVI, pt, 3, p. 149). 


Results published. 
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62. Mr. Cotter has also summarised his work on the southern 

rwPffvii Hills Gwegyo hilk, including the 

Payagyigon-Ngashandaung Oil-field {Rec,, 

Geol, S*(n\, Ind,, Vol. XXXVIT, pt. 3). 

The field-work was undertaken in December 1007 and January 1008 
:n order to obtain some idea of the prospects of oil-prospe(*ting at 
this end of the Gwegyo anticline. Tlic most characteristic feature in 
the Pegu beds is the great predominance of soft slialc over sand¬ 
stone, and the consequent flatness of the country. The thickness ol 
Pegu rocks exposed near Nyaimgnigyin is perhaps over 4,000 feet, and 
the junction of these beds with the Irrawadi sandstone on the cast 
is a faulted one. In the Payagyigou-Ngashandaung area the east¬ 
ern junction is faulted in an exactly similar manner, and the wost- 
ein junction is probably an unconformable one: the fault, as in 
the northern part of the anticline, appears to liave occurred along 
or very close to the crest. Numerous fossils, including two species 
of nautilus, were found in this southern area, and the e.vidence 
points to a marine origin fo'* these beds. Oil has been obtained 
here, but the prospects of obtainin.g it in paying quantities are 
poor. A remnant of the crest of the fold exists in block 5, but 
the anticline is pitching southwards. 

63. My services were placed at the disposal of the Government 

The TAViilza Resftl-vos. Septembor 

to preside ovei- a (\>mmittee appointed 

to investigate the present conditions of ex])loiting the Twingon 

and Berne ileserves in the Yenangyaung Oil-field, to examine 

the alleged dangers arising from flooding, fire and wasteful methods 

of working, and to make proposals for the better government of 

the field. 

After examining the information obtainable from ^e companies^ 
agents at Kangoon, the Committee proceeded to Yenangyaung and 
collected information on the.- ground. 

The reserved areas of Twingon and Berne cover jointly an area 
of about 450 acres, lying about | mile apart, and separated from 
each other by the Khodaung block which is leased to the Burma 
Oil Company. The surface area of both Reserves. is intersected 
by deep ravines, many of them having precipitous sides. The 
Twingon Reserve having proved to be, by far, the richer in oil. 
has been most thorouglily exploited, and it is in this area only 
that the close drilling and dovetailing of independent companies 
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with the Twinzas (still working with the primitive system of hand- 
dug wells) is distinctly marked ; it is consequently in this area only 
that the dangers feared are imminent, esi)ecially in the central 
pprt of the Eeserve known as tlie Aungban. At tlie time of the 
Committee’s visit there were 145 drilled wells in this Reserve to¬ 
gether with 333 Burmese hand-dug wells, and of the drilh^d wells 
76 were concentrated on an area of only 46 actes in the Aungban, 
In this section of the Eeserve sites of only 60 feet square were 
valued and sold at prices often exceeding Rs. 40,000, 

The Committee were convinced, as the result of examining the 
history of numerous wells, tliat those in ' lose proximity often 
drain the same oil-sand below, and consequently affect one another 
in production. The sand-banks in wliich the oil is stored ap¬ 
peared, however, to be so irregular in shape tliat no constant rule 
could be laid down for the way in which the adjoining wells 
affect one another’s supplies of oil; but it was evident that cases of 
mutual interference were sufficiently numerous to impress the com¬ 
panies with the desirability of rapid drilling in competition with 
their neighbours; corsequcntly liasty drilling incurred dangers of 
fire, and (by the imperfect shutting off of oil-sanda) danger of 
water |)CDetrating and intt'rfering with the productive capacity of 
the oil-sands. 

As regards the dangers of fire the Committee noticed that no 
attempts were made to provide lightning conductors for the tall 
wooden derricks, and no guy-rojH’;s were provided to pull the der¬ 
ricks over in any safe direction during fire. The oil in the receiv¬ 
ing tanks near each derrick was measured by th(! use of a dip- 
rod inserted through a hole in the cover of the tanks, and the 
measurements being made by uneducated subordinates, who were 
only partially aware of the dangers involved, considerable risk was 
incurred by tlie use of naked lamps at night. Forges for dressing 
bits and boilers for driving the pumping and drilling engines were 
scattered indiscriminately among the wells, and were a source of 
constant danger in consequence of the frequent incoming of new 
spouting wells. The hand-dug Burmese wells were distributed 
irregularly among the drilled wells and were worked by people 
who are habitual smokers under conditions that would lead to a 
serious loss of life in case of any widely-spread fire. Casual 
strangers and pedestrians ignorant of the dangers around them 
wore allowed free access to the congested part of the field. No 
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provision had been made for the cutting off of flowing wells dur¬ 
ing fires, and the whole area was covered naturally with a net¬ 

work of oil and gas pipes. Although the drillers were generally 
fairly cognisant of the dangers around tlicm, and a general under¬ 
standing had been established as to the precautions that ought to be 
observed, it was evident that in a field, already congested and like¬ 
ly still more to bb developed with sharp competition, there was 
urgent necessity for detailed and exact regulations. 

It had been alleged that, in consequence of the rapid exploita¬ 
tion of the oil, there was a tendency for the sands to become 

closed by paraffin, with a consequent reduction in the total quan¬ 
tity of oil obtainable by drilling; but the Committee found that 

the deposition of paraffin could not in any way reduce the amount 

of oil finally extracted from the field. 

A number of schemes were discussed for the resettlement of 
holdings in order to divide the interests into sufficiently large areas 

to prevent the ill-effects of competition and consequent hasty drill¬ 

ing, They found, however, in consequence of the objections raised 
by the companies themselves and the difficulty of treating the 
Twinzayos equitably, that tlui present system of ownership could 
not be disturbed, and thet it was possible only to take steps to 
regulate the work of oil-winning in the Keserves. They conse¬ 
quently drew u]> a series of proposals for enforcement through a 
new Regulation. Tliev suggr?8ted the appointment of a Warden for 
the field, who would liave tlie powers and dutujs of a first-class 
magistrate, and they suggested that he should be assisted by an 
Advisory Boartl composed of one officer of the Geological Survey 
together with two members nominated by the Oil Companies them¬ 
selves. They made proposals for the allotment of*new sites and 
for the distribution of those sites which had been resumed bv Gov- 
ernment in consciquence of breaches of the conditions under which 
they were originally allotted. They also formulated rules for the 
control of oj)eratious wliilst drilling througlx water-bearing sands, and 
for governing surface ojxirations likely to incur danger from fires. 
Proposals were also made for revising the form of grant in order 
to make it consistent with the new regulations. The companies 
having unanimously agreed provisionally to accept the proposed 
regulations, steps are now being taken to put the proposals into 
law by the Burma Government, 
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64. At the request of the Punjab Government, M. Daru while 

in the Mianwali district studying the 
* ^ alum shales, also visited the oil-springs 

at Jaba in the same district. The total monthly output from 
ten springs is about 50 gallons only of thick, dark-green, sulphuret¬ 
ted oil. He found the strata to be so disturbed that h(i doubted 
the feasibility of obtaining larger supplies. 


Salt. 

65. In the General Report for 1907 (Records, Vol. XXXVII, p, 37) 
« . reference was made to the theory which 

ajpn ana. ^ offered to account for the origin of 

the salt accumulations in the Rajputana desert. Dr. W. A. K. Christie 
having designed the apparatus required to sample the desert 
winds and having made a series of preliminary tests under Labor¬ 
atory conditions, volunteered to undertake the work in the desert 
during the hot weather of 1908. He set up his apparatus 
near Pachbadra (25° 55'N. ; 72°11'E.) in April and carried on daily 
observations until early in June when Sub-Assistant Vinayak Rao 
carried on the field work alone. Both officers deserve the greatest 
praise for the way in which they cheerfully faced the hardships 
of camp life in the desert during the hottest part of the year. 

Observations were made throughout each day regarding the 
speed of the wind and the atmospheric h^mperature and pressure. 
Samples were collected at regular intervals until the burst of the 
monsoon in July, and these, with samples of sand and rain, were 
afterwards investigated by Dr. Christie at headquarters. A joint 
paper will shortly be issued by Dr. Christie and myself detailing 
the results of this interesting enquiry, and the following are our 
chief conclusions ;— 

9 

It has now been shown by actual observation during the hot weather that large 
quantities of sodiupi chloride in the form of fine, diy dust are carried into the 
desert region of Rajputana from the south-south-west. Concluding from the daily 
obsoTvations made at Pachbadra during the hot weather of 1908, the amount of salt 
passing a front 300 km. broad and 100 m. high during the four hot-weather months 
might be indicated as 130,00f> tons. Tlic hot weather of 1908 was a season of 
unusually weak winds, and this figure (which has little more than qualitative value) 
is probably well below the annual average influx of salt dust. 

When it is known that those hot winds blow steadily towards the north-north¬ 
east for three or four months every year, that they are strongest (often attaining 

£2 
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the ppced of galcp), during the day-time when the Fait du&t is dried by the scorching 
Bun under a chmdleFS sky, that theic is no reflux and very little variation in direc¬ 
tion, with a gradually diminishing speed as the heart of the desert is approached, 
and that the period of hot, dry, southerly winds is followed always by a downpour 
of rain, with the formation of a lake in each small area rf internal drainage in tJic 
Rajputana desert, it is easy to account for the great accumulations of Balino silt 
which arc left after the annual desiccatiem of the salt lakes. 

Ihese winds from the south-south west blow over tlxe arm of the sea known as 
the Ran of ( uteh, which is ct)vcred with a layer of white salt during the hot, dry 
season. Every disturbance of this crust by pedestrians and animals helps to form 
the salt dust which is w'aflcd away iow'ards Rajputana. The winds blow strongly 
intheday-time, with a lull at nights, but the movement is all ill one direction at the 
time of year when the dust is dry and can be carried most easily ; and there is no 
sct-back until after tlie monsoon period of min, when all the finely-divided salt 
dust that may have reached the heart of the desert is washed into the hollows occu¬ 
pied by brine lakes. The strength of these winds is indicated by the facL tiiat small 
foraminifera have been carried bodily (not rolled) as far as fiOO miles inland from 
the coast of Cuteh. 

An idea of the quantities of salt to bo accounted for is given by a speeial exami¬ 
nation of the Sambhar Lake; the silt of this lake partly fills a depression in the 
Aravalii schist ‘ ‘ country it has been shown by two borings that the silt is about 
70 feet thick in places, and, as the result of detailed sampling at regular iniorvals, 
it has been shown that the uppermost 12 feet of this silt over an area of t>8 square 
miles includes 55,000,000 tons of sodium chloride. Tliere arc many other smaller 
salt lakes of the Sambhar type on the Rajputana Jiighlands, and there may be 
many such bodies of silt buried under the mantle of sand. 

We consider that the action of the wind alone is sufficient to account for the laige 
accumulations of salt in Rajputana. The instance is one of special importance from 
the circumstance that on the Rajputana highlands no other explanation offered 
will account for any but unimportant quantities of salt: there are no inflowi'ng laigo 
rivers; there are no traces of ancient roek-sah deposits ; iu» known saline springs; 
no likelihood of subtcrrancian water rising to the surface; no probable connection 
throughout most of the areas lying cm Hie eiystalline schists with the water «vhich 
is possibly percolating undei^round from the lower-lying Ihinjab plains towards the 
still lower depression of the Indus valley. 

While admitting that rock-salt deposits may bo formed in other ways also, our 
observations in Rajputana go far to strengthen the evidences gathered by the late 
J. I»mas and others to show that many rock-salt deposits, like those in the British 
Trias, are dependent on desert conditions. Laige desert areas are regions of in¬ 
draught during the hot, dry seasons, when any salt available is eaBily pulverised. 
Where these arc regions of internal drainage, the salt becomes ‘ ‘ fixed * ’ in local 
hollows after rain ; in the Rajputana salt-lake region we find deposits of gypsum, 
n<»dular limestone, and plano-convex, lenticular masses of calcareous mud stained 
black with ferrous sulphide, which, on oxidation, would give rise to the red colour so 
characteristic of the marls and sands associated with rock-salt deposits. 

Th© well-known estimates of the age of the ocean made by Professor J- Joly in¬ 
cluded a tcn-per-cent. correction due to the sea-salt carried inland by winds and 
brought down by rain to add to the quantity carried to the ocean by rivers. 
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Refercnfica to the salt carried inland by sea-broezcs have generally asBumed that 
the principal quantities leave the ocean as fine spray ; but it appears from our ob¬ 
servations that, under special cunditions like those in Western India, where a desert 
region forms the hintcrlimd of a salt-incnistcd temporary arm of the sea, far larger 
quantities of sea-salt may be carried inland as finely divided dust. It is impossible, 
however, to say from our results that Professor Joly’s allowance for sea-salt in river 
waters should be materially increasefl. The process by which the salt is formed 
in the Ran of (^tch tends to eliminate tJic rarer and more soluble magnesium and 
potassium salts, leaving the wind-borne clilorido to bo more purely that of sodium 
than would bo the result of an inland transportation of simple sea-spray. The 
iodine and bromine in the Hambhar brini'S are found to be in a smaller lutio to tho 
chlorine than in sea-water, possibly for a similar reason, but t hese two halogens bear 
in Sambhar just tho same ratio to one another as they do in the sea. 


Tin. 


66. Mr. Page continued his survey of the Mergui district, 

Geology * devoting the first quarter ol the year 

„ . ... to an examination of the archi- 

eigiii Aicliipolago. pelago. In these islands granite forms 

the prevailing rock-feature? and it occurs both in the gneissoid 

form, apparently similar to the usual 
Archmau gneiss, and in a distinctly 
intrusive form, the latter penetrating both the older granitoid 
gneisses and the sedimentaries. 

The islands in which granite was observed may be divided into 
six groups ;— 


Granites. 


(1) The western group, consisting of Moscos, Metcalfe, Great 

Western, Torres, Hayes, Fletcher and ('lara. All the 
internjediate parts of this outer group are also probably gran¬ 
itic. Both kinds of granite were observed in this group. 

(2) An ill-defined group comprising the western part of Elphin- 

stone, south-east Elphinstonc, Grant, tho northern lialf 
of Ross, Maingay’s and smaller islands as far east as 
Cantor. The larger portion is of gueissose granite, 
into which the younger granites and numerous quartz 
po rphyry dykes have penetrated. 

(3) A large domed outcrop, a little south of King’s Island 

Soimd, all the south of King’s, Mergui, Sellore, Tucker, 
Julian, and the central ranges of Kissering. In tliis 
group gneissose granites predominate. 
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(4) Parker and Domel down to and including High Island form 

another series of basal granites; they may be traced 
north through the Pickwick group into Cantor and south 
through the Gregories and down the coast to Victoria 
Point and the adjacent islands, 

(5) Davies Island is apparently an isolated granite outcrop, 

but extremely bad weather provcntetl the adjacent 
islands being carefully examined, and there may be 
granitc^s in the interior of St. Matthew’s. 

(6) Koolagyun, and the low islands mostly covered by swamp, 

which extend for miles down the coast, arc composed of 
granite, usually of the basal variety with intrusive gran¬ 
ites and pegmatite veins penetrating them in all direc¬ 
tions. 

Quartz-porphyries form a very important factor in group 2. 
'Fhey oc(!ur intrusive into granites and the sedimentaiics. Mount 
Elphinstone (west coast Elphinstone Islands), the peak on 
Maingay’s, and Cantor are all examples of intrusion into gianittis; 
and Hayes, Julia, the extreme south of Cantor and some islands 
east of Ross show examples .of intrusions into slates. Johnny, 
Paton, Allan and other islands near are composed for the most 
part, if not entirely, of quartz-porphyries. 

67. Above the granitic rocks there is a series of indurated 
^ . . sandstones, quartzites, slates and schists. 

I hose rocks are as a rule much 
crushed, at times sjmrsely mineralised, and generally do not cover 
any considerable area. They are usually met with in small moun¬ 
tain streams. Above these comes a series of slat^, sandstones, 
grits and conglomerates. But they are not always all present, 
denudation having generally removed the last- mentioned rocks. 
As far as is known Pataw is the only island formed of conglomerate. 
The series may be observed in the following groups of islands: 
Central Kings, some 7 miles from the east coast line, Iron, the 
north-east of Maingay’s island and the adjacent islands, central 
and north-east Elphinstone, Macleod’s, Southern Ross and adja¬ 
cent islands, the Warden, ChTistro.as, Bentinck, the Five Sisters, 
St. Luke’s, St. Matthew’s in parts, Bushby, Father and Son, Lord 
Loughborough, and Governor Swinton and Cavern are all of sand¬ 
stone and belong to the lower part of the Mergui series. Hayes, 
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Julia, Cantor (south end) and Sullivan are all slate islands, and may 
be classed with the above. 


In connection with the above sedimentarics, there is a series 
of sandstones, slates, and breccia-conglomerates which at times 
exhibit a schistose character, and are difficult to connect with the 
lower part of the series. They dip irregularly and show the effects 
of the intrusive granites to a much more marked extent than the 
older group. These formations may be seen in islands near 
and north of Governor Swinton, the small islands south-west of 
Bentinck, some of the Marien group, islands south-west of Sir 
William James Islands and in a series of reefs along the east coast 
of St. Matthew’s. In this last case, there are granite boulders, 
some as much as six feet long, well water-worn, and resting 
irregularly in a matrix of limestone sands, fomxing a granite-lime¬ 
stone conglomerate. Subsequent upheaval has given the whole a 
much crumpled and schistose appearance. 

Similar deposits were met with in the Tavoy district in the 
Hindu and Gt. Tenasserim rivers; and there arc somewhat similar 
occurrences in the vicinity of the Tavoy river. 

68. No rocks were discovered that could be safely attributed to 


_ this group. The limestones forming the 

’ Elephant group and al.o those on the 

south-east of St. Matthew’s Islands being probably older than the 


adjacent slates and conglomerates. They are very crystalline and 


apparently unfossiliferous. 


69. There still remain three younger deposits which cannot be 

classed as one, and yet are probably 
Recent deposits. about the same age. Between them 

they cover quite a considerable area of the low flat islands, men¬ 
tioned in group 6 of the granites, and also some of the islands 
on the south, the swamps and parts of the mainland. They are 
lateritc, a partly cemented bouldcr-brcccia and lithomarge. 


They aro all shallow, the laterite being seldom thicker than 
14 feet, the conglomerates even less, and the lithomarge seldom over 
60 feet. They all appear near granite and overlie them and the 
adjacent slates, schists, etc,, of the older Mergiii series. 

The laterites and the conglomerates are oftexi found associated, 
as also the laterites and the lithomavg(‘S in tlic more southern parts 
of the archipelago. 
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riio laterites on Koolagyun and some of the adjacent islands 
are sufficiently rich in iron to be used as an ore. 

riie conglomerates when near water often present a deceptive 
lateritic appearance. In Tavoy diistrict the cementing material 
of the conglomerate often carries a little gold. 

The lithoinarges iu the vicinity of Yengan-Bokpyin often cover 
workable tin-bearing gravels, and were probably derived from the 
older slates, schists, and some of the felspar of thf granites; 
the mottled .appearance (red to blue) being dun to the oxidation 
of iron derived from the dark mica, the tourmaline and the mag¬ 
netite of the granites. The islands of Pumpkin, Pig, the Gregories, 
Carnac, Gollins, Jenkins, etc., all furnish (ixamples of these three 
younger deposits. 

/O. 8 [)lit, crushed and otherwise disturbed rocks, which indicate 


Cieolofical diatorbance. r**™ 

direction, are abundantly evident. 
Nearly all the small islands, composed of sandstones, show their 


strata up on end, and only in the larger islands, c. 7 ., Bentinck, are 
dips as low as 30“ found. The slates are lUiarly always crushed 
and penetratiid by yuartz veins, and in the case of Hayes Islands 
there are two distinct folds rouglily at right angles to one another. 
Owing to . the numerous granite and yiiartz-porphyry intrusions, it 
is rather difficult to delineate the principal lines of disturbance 
through the district, as separate from purely local disturbances. 


71. Cassiterite is found in gravels on King\s, Kisscring and Davies 

Cassitcrite. Islands. On the first-named it has 

been worked. Kissering is the best of 
bl.e three and is woitli prospecting, the .cassiterite occurring wit hin 
six feet of the surface. The tin on Davies ls1ai)j^ to judge by 
the places tested in the* stream which enters the sea near the 


south-east corner of the. island, would not pay to work. All the 
granite of sub-group 2 is worth prospecting for cassiterite. Although 
quartz lodes wei*e frequently found, none carried visible minerals 


of economic value. 


72. Gold is found on Horsborough Island and has been worked. 


It occurs tia small flakes m gravels 
^ , at comparatively shallow depths. On 

Russel Island there is a series of pyritic veins a little above sea- 

eve w ic yie d 10 dwts. gold on assay. These veins are crossed 
by several quartz stringers. 
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L(iad and Iron. 


73. The only galena met with was on the west coast of Main- 

gay’s Island and this has already been 
reported on. Various laterites would 

furnish a certain amount of iron-ore were there a local demand. 

74. At the end of March Mr, Page proceeded to the Tavoy 

Tuvav district. In this district tin-mining was 

dv y d . .. ^ standstill. 

The following localities in which stream washing is carried on 
during the monsoons were visited :— 


(а) Maungmeshaung river. 

(б) Ongbingwin. 

(c) The Hindu river and its tributary streams, including the 

Hinda river. 

(d) Old workings in the vicinity of the granites near Wagon, 

and about the village of Pagaye. 


The results of investigation hold out no great hopes of the 
future of a tin industry in this district. 

The following is a more detailed description of these localities. 


(a) Maungmeshaung .this area washing is <;arried on 
also by the most primitive methods. Even ground sluic¬ 
ing is apparently unknown to the villagers engaged. 
The cassiterite is derived from the granites as well as 
from quartz veins at the slate-granite junction. Boul¬ 
ders of each of these rocks carrying cassiterite are to be 
found in the stream. Apparently two concentrations have 
taken place, one in which the cassiteritt'. was concen¬ 
trated on a •thin clay layer on the denuded slates, 
whence they were washed by the present stream. The 
gravels arc irregular, and the concentrated cassiterite 
will only pay to wash at intervals. European prospec¬ 
tors will find it more profitable to search for lodes 
in this locality than to work the gravels. 

Wolfram is associated with the cassiterite, and occurs in rather 
large irregular segregations and thin veins in larger 
quartz veins in the slates. 

(b) Ongbingmn ,—At this place the cassiterite occurs m quartz 
veins; the widest cassiterite-bearing vein found was only 
12 inches thick. Cassiterite also occurs in small quartz 
stringers which have penetrated the sandstones near the 
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granites in directions which cause the sandstones to split 
in irregular rhomboidal masses. It is probable that most 
of the cassiterito found in the gravels about the base 
of the Kehdaung is derived from this source. For 
a long time to come cassiterite will bo concentrated 
in the streams during the monsoon in quantities that 
will pay to work. Whether it would pay a company 
to attack the hill on a large scale is extremely doubtful. 

The nativ(is are only able to work the gravels down to about 
() feet, and from one or two who worked with European 
prospectors, provided with pumps, it was ascertained 
that the concentrate proper is some 30 feet below the 

present surface. 

In this locality and along the east shore of the Heinza Basin, 
tin-stone, wolfram, and gold are found. The auriferous 
specimens collected have not yet been assayed. 

(c) The Hindu river and its tributaries drain a portion of the 
central range east of Wagon. The Hindu enters the 
Khamaungthway, ajid the Hinda, the Bean river, each 
tributaries of the Great Tenasserim. Cassiterito, in 
quantities that should bo payable, exists within a few 
feet of the surface, and in the valley of the Hindu, gold 
is found with the tin con(;entrat(\ The Golden stream 
is perhaps the richest known locality, but very little 
has been done in exploring to depths over 8 feet. 
The streams for 15 miles to the north of the Hindu 
carry gold, but in no case were values obtained that 
would appear to make it worth while to mine the gravels. 
From evidence obtained from boulders there ^s a strong 
probability of a quartz lode existing between the Hinda 
and Hindu. The boulders discovered carry tin in pay¬ 
able proportion, and indicate that the lode is at least 
30 inches wide. This lode will cross streams which are 
already leased for lampan workings. 

id) At the base of the granite hills near Wagon and north of 
the road there are old workings, aud in isolated patches 
cassiterite, sufficiently concentrated to be worth washing 
on a small scale, may be found. This locality is ap¬ 
proximately south-south-cast of the tin-workings on the 
Maungmeshaimg stream. There is a possibility of lodes 
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being found, but pits will be necessary. At Pagayc 
there are tin-bearing gravels, which are, however, worked 
out. Some wolfram remains, and was traced to its 

source in quartz veins some 3 miles up the Sanchc 

stream, a tributary of the Pauk Tein. Here there is 
a series of almost vertical quartz reefs varying from 30 
inches to an inch or two in thickness. Only one of 
some 50 veins carried wolfram, but this was very rich, 
the wolfram forming a very large percentage of the lode, 
which was 14 inches wide. 

The quartz veins occur in slate of the Mergui series which 

is partly metamorphosed to schist. This locality gives 
promise of future success to the prospector. 

Besides visiting the above localities a tour was made from the 
4'avc.y river, in a general south-easterly diiection to near Mount 

Myinmolet-kat and down the Bean river to Myitta. The structure 
of this region is much the same as that of the archipelago. There 
are numerous gravel areas which looked as if they might contain 
cassitcrite, but testing them in stream cuttings even down to 14 
feet proved unsuccessful. 

In the month of Novemb* r a tour was made across the country 
from the Tavoy to the coast and along the granite hills to the 
Heinza Basin. All the high land is granitic, and there are large 
flats covered by the disintegrated granite sands. Floods prevented 
panning in the streams, but from the general appearance of the 
country there should bo gravels worth working as well as lode 
formations near the granites worth testing. * 


75. There is ore geological feature prominent in the Mvitta 

Tertiary strata. valley that is not met with in the 

archipelago, and that is a Tertiary 
deposit which can be traced almost 60 miles north and south, and 
is some 12 miles wide in parts. 


It consists of a series of shales, which dip generally at angles less 
than 18°. They strike roughly N, and S. and rest unconformably 
on the denuded older rocks, which form the flanking hills. These 
shales have numeious plant and fish remains not yet deter¬ 
mined. On the shales rest conglomerates, which to a large 
extent have been derived from granites, and in many places 
the appearance of the arkosc is so deceptive that it exactly 
simulates a granite. In some localities these conglomerates and 
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shales are intcrbedded. A sandstone bed is apparently associated 
with them, and fossil-wood has been discovered in the Ayu stream, 
a few miles north of Myitta. 


GEOLOGICAL SURVEYS. 

Baluchistan. 

7G. Dr. G. y. Pilgrim was engaged during tlie field season 1907- 

ni- f- V Pilrriiii H ^ and Marri 

R. Ry. vinayak Uao ’ ‘ in Baluchistan, paying special 

alttiution to the IJppijr Tertiary fresh¬ 
water formations from which vertebrati! and invert(ibrate fossils 
were obtained thirty years ago by Dr. W. T. Hlanford and more 
recently by Major McConagliey, tlie latt(^r collections being already 
described by Dr. Pilgrim in Records^ Vol. XXXVI, part 1, 

Dr. Blanford was compelled to limit his work in this area to a 
mere reconnaissance, and naturally his conclusions, published in 
MemoirSy Vol. XX, need a certain amount of revision after this 
more detailed examination of the ground, tlw; most important changes 
being made in the Upper Tertiary fresh-water beds. Although 
in the northern portion of the area Dr. Blanford had recognised 
the existence of three distinct formations in the Up|)er Tertiary— 
Upper Nari, Lower Siwalik and Upper Siwalik —and had mapped 
them as far north as Dera Ghazi Khan, ho did not recognise the 
Nari further south, and referred all the fossils there collected to 
the Lower Siwaliks. 

Dr. Pilgrinl, however, has found tliat the lowest 1,001) feet 
of the formation, mapped as Lower Siwalik in the Bugti Hills 
by Dr. Blanford, is Nari, and is separated frorh the Lower 
Siwaliks by a marked unconformity. In the Nari occur authraco- 
theroid remains, Aceraiherium blanfordiy and the remarkable mollus- 
can fauna described by Blanford, while the Lower Siwaliks have 
yielded Dinotherium indicumy Mastodon angmtidens and Mastodon 
pandionis. Dr. Pilgrim has made from the Nari beds a large 
collection of bones and teeth, which he has partially examined and 
briefly described. Although the wealth of species is not gnsat 
the fauna clearly indicates an Aquitanian age. With the Rhinocer- 
otidcB anthracotheroids (and in especial the genus Brachyodus) 
dominate the fauna. Representatives of the genera DimtheriuW'f 
Tetrabdodony Macrothcriumy Cephalgaloy Amphicyon and Pterodon occur* 
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Full descriptions of these will appear later. At the base of the 
series there occurs fairly constantly and over a wide area a band of 
marine rocks containing cliaracteristic Nari nnmmulites. The 
marine beds pass gradually upwards, through estuarine strata contain¬ 
ing mammalian bones and oysters, into true river deposits. Litho¬ 
logically these beds are similar to the Naris of Sind, and especially 
to those exposed at Bhagathoro, near Sehwan. The greater coarse¬ 
ness of the sandstones and the abimdance of ferruginous matter 
renders them readily distinguishable from the Lower Siwaliks. 

There is a close lithological resemblance between the Lower 
Siwaliks of Sind and those of Baluchistan, the most typical beds 
being certain concretionary conglomerates with clay pellets, and 
there is no doubt that the fossiliferous horizons in the two areas 
are identical. 

The occurrence of Telrabehdon angustidens fixes an upper age 
limit for the Lower Siwaliks in the Sarmatian, while a consider¬ 
ation of their fauna, as compared on the one hand with the Nari 
and on the other with the Middle Siwaliks of the Potwar in the 
Ptmjab, inclines Dr. Pilgrim to think that they are most probably 
of Tortonian age. 

The Middle Siwaliks were not found in the Bugti and Marri 
hills, the characteristic Upper Siwalik brown sands and clays, 
conglomerates and boulder beds resting miconformably cither on 
tho Jjower Siwaliks or on the Nari. 

77. Post-Tertiary deposits, differing but little in appearance from 
the Upper Siwaliks, but horizontally bedded and often resting un- 
conformably on the latter, were seen in many places. Dr. Pilgrim 
considers that many of them, like the older portion of the Indus 
alluvium, are of Pleistocene age. 

78. The division between the Lower Tertiary Kirthar and Laki 
series was recognised and maiked on the map, which also covers 
a small area of the Cretaceous formations which, a little further 
north, have furnished the well-knovm Mazar Drik collections. 

79. Dr. Pilgrim calls my attention to the excellent field-work done 
by Sub-Assistant M. Vinayak Rao, and his favourable report merely 
falls into line with the reports of all officers under whom Mr. 
Vinayak Rao has worked. He extended the survey as far north 
as Fort Munro and mapped large areas of Cretaceous, Laki and 
Kirthar rocks. 
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Burma. 

80. The survey work clone in Burma is described under the heads 
Petroleum and Tin, the work of Messrs. Pascoe, Cotter and Sethu 
Rama Rau being confined to the oil-bearing regions in Upper 
Burma and that of Mr. Page to the areas worked for tin in the 
Mergui and Tavoy districts. Mr. Pascoe was in charge of the 
work in Upper Burma, and reports on the high quality of the 
work done by Mr. Sethu Rama Rau. 


Central India and Rajputana. 

81. In consequence of demands in other areas, the Central 

India and Rajputana field party dur- 

Messrs. €. S. Midfllemiss, working season 1907-08 mider- 

II. C. Jones, A. Ml. lleron. ^ ^ ^ , 

went some changes m its personneJ. 
Messrs. H. Walker and Sethu Rama Rau were diverted to other 
duties, Mr. Heron remained, and Mr. H. C. Jones joined the party 
for the first time. Mr. Middlemiss continued in charge of the 
operations, and was able personally to visit the area during the 
last two months of the working season. 

82. In the last General Report the hope was expressed that 

Linkiiiic up with older season would witness 

work to north and north- the linking up of the work with that 
west. completed many years ago to the 

north and north-west by Messrs. Hacsket and Kishen Singh To 
a certain degree this has been realised ; at several points the n(^w 
survey has come into touch with the old one, so that tho early 
months of the current season should see the junction complete. 
The junction is, however, a Fuperficial and provisional one only; 
there still remains the difficult and delicate task of accommodation 
and revision along the boundary between the old ^d the new, 
and this may further necessitate revision of parts within the old 
surveyed tract, which has only been very generally described by 
Mr. Hacket (loc. cit.). In that paper, also the various sub-divisions 
of the Vindhyan system (including the l^cwer Vindhyan shales 
and the Kaimur, Rewah and Bhandor series) are described as 
having been recognistd, whilst the large-scale maps contempor¬ 
aneously produced represent these same sub-divisions with the 
utmost nicety—although no convincing reasons are given for 

^ Mapped on the 1 mile scale and briefty reported on, Jtec>$ QtoL Surv, lnd>, 
Vol. XIV, pt. 4, p. 279 (1881). 
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correlating them thus minutely with their supposed far-dis ant astern 
equivalents, from which in fact their outcrops are separated by 
enormous areas of obliterating Deccan Trap and alluvium. With 
nc fossils to guide and with discontinuous outcrops, the arbitrary 
splitting up of them in this western area to accord categ< ;ally 
with the divisions in the typical eastern area appears unwa’ nted, 
as it may also be very misleading. 

The Central India party has already been compelled to make 
use of one tentative grouping of the Vindhyans in the neighbour¬ 
hood of Bhopal, a grouping which has only with some reserve been 
proved to hold across the intervening area between it and the 
typical region ; whilst for detached outlying masses separated from 
the main outcrops by many miles and buried in a sea of trap i* 
was occasionally found ncccs ^ary to be content with marking the 
outcrops simply as ‘‘ Upper Vindhyan.” In c,onformity with this 
caution, and from what has been already seen of these western 
representatives of the Vindhyans near Rampura and Neemuch, 
wo are at present unprepared to accept without further enquiry 
the sub-divisions originally given them by Mr. Hacket. 

83. The work done last season includes the completion of sheets 

Area siirvevp.l (already begun in the preceding 

Area survejeu. 2io. Sheets 239, 240, 

241, 271, 272 and 273 won; also completed with the exception of 
the portions of Gwalior State within them. Sheets 177, 178, 208, 
209, 238 and 270 were partially surveyed. The area embraces 
portions of Rutlam and Sailana, Banswara, Partabgarh, Jaora, 
Sitamau, Do was and Indore. 

84. The Aravalli series, already touched for the first time dur¬ 

ing the previous season, were again 
Arava senes. further explored along the westward 

margins of the Deccan Trap, but even this further acquaintance 
with them is not yet sufficient to warrant any generalisations of 
importance. A number of highly inclined bands of different rock 
types, all having a metamorphic or crystalline character and strik¬ 
ing roughly north-north-west—south-south-east or north-west— 
south-east build up a sort of platform at the 900 feet level, 
on which the horizontal layers of Deccan Trap come to an end 
in their westward extension as fringing scarps or as detached out¬ 
liers. In the Progress Reports sent in by Mr. Middlemiss and 
Mr. Heron much detailed information is given regarding the slates 
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phyllites, schistose conglomerat/es, mica-schists, quartzites, horn¬ 
blende-schists, crystalline limestone bands and the curiously related 
limonite-quartzoso or cherty bands with in some cases giiinerite, 
mixed gneisses, granitic gneiss, porphyritic hornblende syenite-gneiss 
and acid pegmatites, etc., but with the exception of a provisional 
attempt to map some of the crystalline limestone and ferruginous 
cherty layers wliich build a set of rocky ridges following the usual 
strike, no endeavour has yet been made to separate the series as 
a whole according to age or mode of origin. Having only so far 
been seen in the bottoms of the valleys cut out among the trap 
plateau, or in the vicinity of its west(»rn margin, it seems pre¬ 
mature to attempt any such comprehensive classification for the 
present. Among such difficult rocks it will be necessary to pro¬ 
ceed slowly and with caution for some time to come. Nevertheless 
there is but little doubt that the rock series here called Aravalli 
represent the series of the same name as defined by Hacket, at 
least in the main; but whether any of the quartzites should be 
separately grouped with the much younger Alwar or T)elhi series 
which along certain lines in the Aravalli range has been described 
by Hacket as caught up in folds among the older Aravalli schists, 
it is impossible to say. It is equally uncertain whether or not the 
mixed gneisses are the equivalents of those referred to as “ gneiss ” 
by Hacket and coloured separately by him on his maps. Mr. La 
Touche in his more recent survey of western Kajputana (Mem., 
Geol. Surv. Ind.. Vol. XXXV, pt. I, p. 6) found the rocks 
west of the Aravalli range, marked gneiss ” by Hacket, to b('. 
granites of fwo distinct ages, namely, the Krinpura and Siwana 
granites, differing widely in texture ujid composition. It seems 
quite likely, from what has already been seen during the past 
season, that there may well be exposed in this region both ancient 
Archscan gneisses and later eruptive plutonic masses. 

85. Standing apart from the quartzites enfolded among the 

Delhi series. crystalline schists, and outcropping at 

much higher elevations among the 
Deccan Trap plateau to the east-north-east of Partabgarh town, 
occur a set of nearly horizontal quartzites or quartzitic sandstones 
and siliceous shales forming bare scarped hills. They represent 
one of the points of actual junction between the present and the 
old surveys, having been identified by Hacket and marked on. his 
published map"Tas the southernmost extez^ion of his Delhi series. 



Part 1.] 


General Report for 1908, 


65 


The same rocks are stated by that author to be overlaid uncon- 
formably to the north beyond Neemnch by the shaly series which 
he marks as Lower Vindhyan. The former were examined by 
Mr. Middlemiss’ party, but the question or their relation to 
I racket’s Lower Vindhyans was not then gone into, and remains 
one of those that must be taken up immediately for important 
stratigraphical reasons. The first of these reasons is connected 
with the general doubts which have already been alluded to con¬ 
cerning the strict applicability of the sub-divisional scheme adopted 
by Hacket for his Vindhyan system. The second reason is that 
two earlier observers, Medlicott and Mallet, each referred the so- 
called Delhi quartzites to the Vindhyan system in the first 
instaiKJo, althougli the former afterwards expressed himself as 
satisfied with Hacket’s relegation of tlw™ to the much lower Delhi 
series (see Geoh Siirv, Tnd., Vol. XV, Annual Reqiort, 

p. 3). The impression now obtained of these strata is in favour 
of the earlier view, or at least that there is not sufficient 
difference between them and the Kainfmra scarp of Hacket’s 
Kaimur to place them in separate systems. They are found to 
be not very strongly altered, the original rounded grains, the 
pebbles and other evidence of a sedimentary origin being qidte 
appreciable to the naked eye. In some yellowish or pinkish 

, siliceous shales locally becoming calcar- 

Qnasi-orsfanic remains. 

quartzosc rock, some very obscure leaf-like impressions were noted 
and some markings, including rows of pittings of very much the 
same nature as those described and figured by Mr. Vredenburg 
{Rec., Geol, Surv. Ind,, Vol. XXXVl, pt. 4, p. 241) from the 
Pab and Vindhyan sandstones of other localities. None of tliess 
shales show any mineralisation or folietion. Wliatever be the final 
judgment as to the age of these beds, it is quite clear that they 
can have nothing in common with the phyllites and other schistose 
rocks found in the lower zone of so-called Aravallis as just 

described further west below the crest of the Deccan Trap plateau. 


86. The next point where this survey touched the old mapped 


liower Vindhyan, or 
Siiket inhales and Kaimur 
scarp (Haekft and Kislicn 
Singii). 


area is near Kukresor and Kampura 
in northern Indore, where Hackot’s 
and Kishen Singh’s Lower Vindhyan (or 
Suket) shales and Kaimur quartzite 
scarp occur. These rocks were examined 
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by Messrs. Middlemiss and Jones, and they exhibit the shales 
everywhere in conjunction with the Deccan Trap plateau to the 
south ; so that it was impossible to know what came immediately 
below them. Mr. Jones has made a careful study of these two 
fonnations and filled in the gaps in the mapping left over by 
the earlier survey. His Progress Report is amply illuftrated 
by photographs and drawings. 

The shales may be concisely described as being much softer 
than those below the Delhi (piartzite. They are also generally 
much more fissile, breaking up into little cakes, not into splinters. 
Their colours vary from a drab or buff cn the lower slopes of the 
scarps to darker and sometimes chocolate, purple and green tints 
in the lower river-bed sections. They arc so soft and fragile that 
one can hardly make a specimen of them. Glauconite-boaring 
bands occur high up under the quartzitic scarp, and harder, mica¬ 
ceous, flaggy beds and free-stoiies (much used for building purposes) 
occur at lower horizons, with some rare calcareous beds, showing 
3(X) feet at least, the base not being attainable. They lie pra; - 
tically horizontally but with small, sudden warpings and pucker- 
ings. There are no traces of porcellanic beds (compact fine ash, 
see Mem,, GeoL Surv. Ind., Vol. XXXI, pt. 1, p. 5)3), which in the 
Son valley sections characterise the Lower Vindhyans, and there 
are also no important limestones to correspond with the Rhotas 
and other limestones of the typical Lower Vindhyan area. 

87. It may well be that the survey of this area may best be 

signalised by the finding by Messrs. 
Middlemiss and Jones of some very 

minute organic bodies in these shales. Mr. Jones, who subse¬ 
quently examined them more carefully in Calcutta, describes them 
as small concentrically wrinkled discs of carbonised chitinous sub¬ 
stance, and he thinks it not impossible that they may represent 
the genus Oboklla or Chuaria drcularis, described by C. D. Walcott 
from Pre-Cambrian rocks of Arizona^ or possibly the operculum 
of Hyolithellus,^ 

88. The quartzite scarp which follows above these shales is a 

Qnart.lt. Man. (Kalinur ''..y atriking fo^ation, building a 
ofHacket) wau-hke rampart, and stretching as 

far as the eye can see. It. is a 


Fossils. 


* Bull. Gool. Soc*. of America, Vol. X, p. 234 (1890). 

2 Bull. Geol. Sw. of U. S., Vol. IV, p. 141 (188ft). with PI. XtV, fig. 2c. 
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qxiartzite rather than a sandstone, not unlike some of the Delhi 
quartzite just described, but without being identical in any parti¬ 
cular. It breaks with a roughly conchoidal fracture and may'be 
trimmed into good rough blocks, suitable for building purposes, 
but it cannot be got out in slabs like the typical Kaimur. 

89. A curious set cf rather small outliers of this quartzite 

IM4>ehM blocks. "T. T*',' 

the mam scarp and at a much lower 

elevation, lying on the Suket shales not far from the Deccan Trap 
boundary. These outliers, according as they approach the Deccan 
Trap boundary more T)early, become of the nature ot isolated crags 
or blocks arranged in clusters on the summit of gentle rises in the 
shales. An enormous number have been mapped by Kishen Singh, 
but many more would retjuire delineation. Their most remarkable 
feature is theii disturbed dips near the edge of the trap plain. 
The disturbance is not uniform. From block to block, separated 
perh|ips oily by a few feet, the dips vary widely in amount and 
direction. ^ The <vhole at first sight presents an appearance of chaos. 
A number of these were plotted on a large scale by Messrs. Middle- 
miss and Jones. 

90. Lanxetas were found at one place only by Mr. Heron on 

Lainotas sheet 214, forming an irregular hori¬ 

zontal shelf, unconformable on the 
luetamorphics. The bed is 10 feet thick and composed of impure, 
pale-purple limestone with grains and jiebbles of quartz. 

91. The great spreads of Deccan Trap (with its occasional In- 

Deeta. Trap, Intortraih “"'1 

peaus, Laterite, etc. naturally met with over very 

large areas surveyed during the season. 

Its characteristics remain much as before, and a mnnber of separate 

studies of individual occurrences have been made and submitted 

. in the reports by Messrs. Jones and Heron, with numerous sections 

and photographs in illustration of the chief facts. Inb^rtrappeans 

were met with principally in parts of north-west Jhalawar and 

thin bands of clay were also* noticed at a few places. Laterite 

occurs largely as cappings to small hills, principally in the States 

of Jhalawar, Rampura and • Sitamau, with occasional masses of 

residual blocks ;,and lateritic gravel. In some cases Mr. Jones lias 

described rock dwellings cut out of the laterite, and rock temples/ 

• f2 
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such as tlic Dliamnar cave temples, when*, the laterite is about 
GO feet thick. 

92. Witli roferciioo to remarks made in a pi-evious Oerieral Report 

„ ,, ... ...I (Rer., Geol.Snro. ol /wrf., Vol. XXXIII, 

IVeuliav iiositiou «t flic \ ’ ’ 

P^- P- 1^^) ™ subject of the 

almost universal absence of recognis¬ 
able outliers of trap on Vindhyans, it may also be noted that in 
the area surveyed last season the same peculiarities are equally 
prominent. It is almost impossible ever to find a denuded natural 
section cut out oi trap and sliowing Vindhyans below. But the 
case is entirely different as regards the behaviour of the trap to 
the Aravallis. In this case the usual position at the margins is 
to find the former as outliers capping hills of steeply-dipping 
schists, or running out as a sheeting on long spins from the main 
plateau. An explanation of tliLs anomaly is still wanting, but the 
theory advanced by Mr. Middlemiss that local extrusion with fis¬ 
sure eruptions may sometimes explain the extraordinary positions 
of the trap to the Vindhyans s(iems to be supported by what lias 
been written above regarding the detached blocks of Kairnur sand¬ 
stone on the 8uket shales near the trap margin. We might under¬ 
stand it on tlie assumption that large sections of the Vindhyan 
country subsided en j-nnsAC, with a corresponding welling up of the 
molten trap to some level of cquilibi’ium. The margins in such 
a case would be liable to much disturbance, slipping and disinte¬ 
gration. In this connection it may be noted that th<j only place 
where the Delhi series near Fartabgarli show steep di] 3 S is just at 
their junction with the trap south-west of Malhargarh, wliere they 
suddenly curve over to a vertical position. 


Central Provinces. ^ 

93. The woi’k in the Central Provinces was directed as before 

Mr. P. N. Datta. ^ filling in the gaps in 

the general geological map. Mr. P. N. 
Datta spent the whole season mapping previously unsurveyed 
ground in the Chanda district. A small portion of this district 
in the neighbourhood of Brahmapuri (20° 35'; 79° 55') had been 
examined towards the close of the previous season (1906-07), and 

survey work was, therefore, extended from this point eastwards, 
south-eastwards and southwards. 
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The larger portion of the area examined was found to be oc* 
cupicd by Archaean crystalline rocks ; but Mr. Datta also mapped 
exposures of sandstones referred with licsitation to tlie Vindhyan 
system in some cases, and with doubt to tlic Gondwauas in others, 
as well as quartzites of probably Vindhyan age. Among the 
schists there are exposures of rocks resembling the typical 
Dharwars. A bajul of these, traced daring tlie previous season as 
far as the latitude of Munjewara (20'' W '; 80^^ 8') was followed 
to its tcrmijiation at Wyragarh (20'^ 26'; 80 9 ). Jr the northern 
parts of this band, which lies partly iji Bliandara and partly in 
Chanda, the rock varies from micaceous schist to argillite which 
shows little signs of alteration. Near Wyragarh these rocks strike 
roughly north-wc^st to south-east and stand at a liigh angle. The 
general mass of (uystalline rociks include ordinary gneiss, hornblende 
schist and mica-scliist with occasional qiiartzitic rocks. These 
rocks occu])y the lower levels, and arc consequently covered by a 
mantle of cultivated soil, which effectually hides large areas. The 
eastern half of the area surveyed is occupied by rocks of a dis¬ 
tinctly granitic character, the granites sometimes being porj^hyritic. 
Outcrops of quartz rock form prominent hills, the general geologi¬ 
cal cliaracbu' b(U 2 ig not unlike that of the typical Bundclkhand 
areas. 

Mr. Datta has drawn attention to the iron-ore deposits near 

Lohara (20° 24'; 79° 46') in the 

ion les. Chanda district which were described 

by the late T. W. H. Hughes in 1873,^ and to some other smaller 
occuirenccs of hematites. These are rich in iron, but were con¬ 
sidered by Messrs. Tata Sons ard Company to be insufficient in 

quantity to support any large industry conducted on a modern 
scale. The only other materials recorded as of possible economic 
value are the building stones of various kinds obtainable from the 
sandstones, crystalline rocks and laterite. 

Kashmir. 

94. The remarkably interesting discoveries in Kashmir bearing 
mr w. mil IJI • on the age of the Jjowor Gondwanas 

Mr. C. N. Middleiiiiss. , i j u i • o 

have been described m previous Reports.^ 
During the past year Mr. C. S. Middlemiss added very 

1 Eec.. Oeol. Surv. Ivd,, Vol. VI. 77. 

2 General Reports fur 1902<03« 1903-01 and 1900. Seo also 11. H. Haydeui 
C/tol. 8utv. /nd.. Vol. XXXVI, pp. 23—39, 1907. 
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materially to the value of these discoveries by his unexpected find 
of a more complete and richly fossiliferous section in the Oolab- 
garh pass, on his march from Jammu across the Pir Panjal range 
into Kashmir. 

In this section Mr. Middlcmiss found clearly displayed in a 
closely-folded syncline resting on the Panjal volcanic series :— 

(i) Limestones, without recognisable fossils, corresponding in 
character and position to the Triassic limestones of 
other sections; 

(h) Black shales with S'pirijer Rajah, 10 to 20 feet thick ; 

(#/) Earthy, niicacjcous sandstones with Martfinijera, 300 feet 
thick; 

{/) Black shales, thin bed; 

(c) Protoietepora limestones, 200 feel thick with abundant 

fossils ; 

(d) Earthy and (above) calcareous sandstones; 

(c) Sandstones and carbonaceous shales, with Lowcir Gondwana 
plants, 100 feet thick; 

(b) Siliceous and carbonaceous shales, 180 feet thick; 

(a) Basal conglomerate, G feet thick. 

These beds form an appareritly conformable series, from tlie 
basal conglomerate resting on the Panjal volcanics up to the 
limestone of probably Triassic age. T’he chief interests are centred 
in the bods (c), as in these beds Mr. Middlemiss found, in addition 
to Gamjafi^t^pteris previously recognised in the Kashmir valley sec¬ 
tions, . two or three species of Glossopleris, with the supposed 
rhizome Vertebraria indica, and groups of leaves resembling those of 
Psygmo'phyllum. The Ghssopteris remains were found in the higher 
beds of the series, and the order is that of th# lowermost Gond- 
wanas of the Peninsula—^the Talchirs and the lowermost of the 
coal-bearing series, distinguished as the Karharbari beds. 

Mr. Middlemiss re-examined several previously described sections 
of the Zewan beds and associated strata in the Kashmir valley 
and demonstrated beyond doubt that the Lower Trias, formerly 
thought not to exist in Kashmir, is present and is richly fossili¬ 
ferous in places. The results of these observations are described 
with characteristic clearness and charm in a special paper.^ 


1 C. S. Middlemisfl, Rec., Oeol* 8urv. Vol. XXXV11» Fuvi 4. 
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The Mineral Production of India during 1908. By 
SirT. H- Holland, K Cl.E., D,Sc., F.R.S., TDirector, 
Geological Survey of India- 


I.--INTBODUCTION. 


A S this brief summary of the mineral production for HIGH, 
will be superseded by the quinquennial Review now in course of 
preparation, it is purposely made short, aiul is confined to the minerals 
about which the most trtistworthy regular returns are available. 
There are still some corre<;tions due from the Native States, but 
these will probably not affect tlie totals seriously, and the state¬ 
ment is accordingly issued now for the use of those who want 
early information about progress. 


Total Value. 

The total* value of m.inerals raised during 1908 was returned 

as £7,82H,745, against £7,079,708 for the same minerals in 1907, 
an increase of 10'5 per cent. The heavy output of coal contri¬ 
buted the principal share, just three-quarters of a million, to the 
increase, but there was also an increase in gold, petroleum, salt, 
saltpetre, jadestone, graphite and magnesite. On the other hand, 
there was a reduced output of manganese-ore, mica, ruby, tin, 

iron-ore, chromite and diamonds. It is likely that the fall in the 
price of coal and the general depression in trade which followed 

the extraordinary activity of PK)(>, 1907 and early part of 1908, 
will result in an interruption of the gradually ascending curve of 
production that has characterised the returns for the past ten 
years. The sharp changes in the value of chromite produced 
from £7,188 in 1906 to £24,404 in 1907 and back to £0.338 in 
1908, show how a mineral raised on a compaiatively small scale 
and at great distances from the coast responds readily to changes 
in the European market. This condition ol unstable equilibrium 
must characterise the mining of metallifei ous ores which arc 

raised for consumption out of the country.* The fall in the value 
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returned fox ruby, sapphire and spinel is partly due to failure to 
lepeat in 1908 the finds of valuable sapphires which rewarded the 
enterprising Kashmir Mineral Syndicate in 1907, but the main 
part of the fall for these gem stones is due to artificial restriction 
of sales from the Ruby Mines district in consequence of the dis¬ 
turbed state of the gem market in Europe and America. 


Tablk Total Value of Minerals for which Returns of Production are 

available for the years 1907 and 1908, 


I 

MlNJdllAl.. j 

1 

1907. 

1 m)8. 

• 

1 

i 

1 

1 

r 

r 

» 

Coiil («) ........ 

2.009,720 

3.:i50,209 

(jiolci ........ 

2.l2n,75(i 

2,177,8-17 

rctroleum ....... 

1 

((I0,0ir> 

702,(MM) 

1 

Salt (a) ....... . 

1 

434,070 

522,794 

MunganeHe-oro (0) , 

089.8:10 

4(i5,59:i 

Saltpetre 

274,079 

292,758 

IMiea (b) , 

220,382 

1:19,51:) 

Jadcstone (b) , 

49,043 

73,400 

lluby. Sapphire and Spinel .... 

98,2.58 

47,954 

Graphite ....... 

7.411 ' 

14,;i(i.5 

Tin-ore (a) ...... . 

11,882^ 1 

11,015 

Iron-ore (a) ....... 

13,427 

10,(i37 

Chromite (a) ...... . 

24,404 

0,338 

Magnesite (a) . 

50 

2,009 

DiuniondH ....... 

2,784 

940 

Amber 

385 

304 

TOTAL 

7,079,708 

7,828,745 


(a)*Spot prices, vakiCH. 
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II.—PRODUCTION OF INDIVIDUAL MINERALS. 

Chromite. 

As shewn in table 2 there was a considerable decrease in the 
production of chromite during 1908, as compared with 1907. This 
was chiefly due to Mysore, wliere the large total of 11,197 tons 
was won in 1907—the first year of production—and only 85G tons 
sold, leaving largo stocks to be carried over to 1908. 


Table 2.— Productimh of Chromite in India in 1907 ajid 1908, 


IIW. DK)8. 


rHOVISCB. 


! Quantity. 

1 

, 

; Value. 

Quantity. 

1 

Value. 



I 1 

; 1 

1 Statute 

j Tons. 

1 

C 

Statute 

Tons. 

f 

BaluuhiKtan . 

• * 

. ' 7,274 

t 1 

9,699 


5,613 

Mysore 

• • 


' 14,705*] 

; 1 

1 mo 

1 

825* 


TOTAL 

18,a03 

1 24.404 1 

1 

i 4,74.5 

0,33s 


I 


♦ Estimated. 


Coal. 

The output of coal in 1908 amounted to 12,769,685 tons, against 
11,147,339 tons in 1907, or 14*5 per cent. The average pit-mouth 
value was Rs, 3 as. 15 (r^s. 3d.) per ton, an increase of 7 annas (7d.) 
on the average prices for 1907. The increase in production was 
mainly due to the Bengal coalfields, which increased their output 
by over 1^ million tons. The contribution by the Bengal and 
other Gondwana fields amounted to 12,373,018 tons, or nearly 97 
per cent, of the total, only 396,617 tons being obtained from Ter¬ 
tiary formations during 1908. The production of each field is 
shown in tables 3 and 4. 



74 Uccords of the (jcologieul Suweg of India, XXXVIII. 


Table 3.— Oidpid of Gondwana Coalfields for 1907 and 1908. 



1 SM)7. 

1!K)8. 

(^OALFIELDS. 

Statute 

Tons 

Per cent, of 
Indian 
Total. 

Statute 

Tons. 

Per cent, of 
Indian 
Total. 

livmjfd — 





Daltoiiganj 

81,873 

0-73 

96,391 

0*7« 

(^iridili .... 

750,374 

0*73 

782,763 

(>*13 

0 luM’ria .... 

5,179,185 

46*47 

6,468,643 

50*58 

Ilajinalial 

267 

♦ • 

333 

• • 

Hnuisinij .... 

3,981,669 

35-73 

4,221,781 

33-0(5 

Central Indht — 





('maria .... 

178,588 

J MiO 

155,107 

I *32 

Ctidml Proviurtfi — 





BullHr])iir .... 

18,103 

O-IH 

45,299 

0*35 

IVncli Vall»‘y 

74,663 

0*67 

120,249 

0*04 

Moh|iiini . . . 

llifdemhad — 

41,322 

0-37 

48,241 

0*38 

Siiigiironi .... 

414,221 

3*73 

444,211 

3*48 

TOTAL, Gumlwsna ffelds 

10,720,246 

!Hi*l7 

12v373,0l8 

00 ■ IKI 


Table 4.— Output of Tertiary Coalfields for 1907 and 1908. 


1 

1 

; 1007. 

1 

J 1)08. 

1 

A 1 

1 

1 

1 statute 
Tous. 

Per cent, of 
Indian 
Total 

Statute 

Tons« 

Per cent, of 
Indian 
ToUl 

1 

Hal a ck ‘mUi H — 

Khost .... 

Sor, Mach, etc. . 

29,378 1 
1 13,110 

0*26 

012 

j 

«,647 

13,666 

0*25 

0*10 

Fafttern Bengal and Assam— 
Mnkum .... 
Smaller fields 

1 

296,696 
• 100 

1 2-«6 

275,224 

« • 

2*16 

NoTth-West Frontier— 

Hazara .... 

• m 

• • 

90 j 

"J 

1 

Punjab — 

Salt Range 

Shahpur .... 
Mian\7aH .... 

47,298 

12,686 

765 

1 am 

41,407 

12,686 

702^ 

Y 0*43 

i . 

RajpuUtna — 

Bikaner .... 

28,062 

0*26 

21,297 

0*17 

TOTAL, Tertiary flelds 

427,094 

3*83 

396,617 

3*10 
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There was a slight rise in the quantity of coal exported in 

1908, the total being 657,476 tons, 

Lxpoits. 2,120 tons of coke, against 

652,971 tons of coal and 5,174 tons of coke in 1907. Ceylon as 
before was the principal customer, taking 424,060 tons in 1908. 

Imports at the same time increased on account of a large in¬ 
flux from Natal and Australia to meet 
liipoi s. heavy demand aluring first half 

of 1908. The total quantity of coal, coke and patent fuel imported 
in 1908 was 385,323 tons, against 301,588 tons in 1907. 

The average daily attendance at Indian (loal-mincs in l‘.)0H 

was 129,173, against 112,502 in 1907 
and the output per person employed 
in 1908 was about the same, namely, !)8’8 tons of coal. The 
output per person employed below ground in 1908 was 153'5 tons. 


Labour. 


The dtalh-rate from accidents at coal-mines in 1908 was notice¬ 
ably higher, due largely to three serious accidents, one at Khost 
in Ualuchistan and two on the Jhcrria field. The rate was 1’37 
per thousand employed in l*.)08 against 0*89 in 1907. 


Diamonds. 

There was a considerable fall in the value of diamonds obtained 
in the Central Indian States, the returns amounting to £940 only 
against £2,784 in 1907, 

Gold. 

The rise in the value of gold produced was mainly due to 
increases in the Nizam’s Dominions, Dharwar and on the 
Irrawaddy river. The provincial returns for 1907 and 1908 are 
compared in table 5 : • 
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Tablk 5. — Quantity and Value of Gold 'irroduce in India during 1907 and 

1908. 



1907. 

1908. 


Quantity. 

Value. 

Quantity. 

Value. 

• 





Bomhay - 

Ounces. 

t 

Ounces. 

€ 

Dharwjir .... 

Burma — 

4,9lf> 

18M41 

7,242 

27.158 

Myitkyina 

;j,s:n 

14,919 

7.950 

80,600 

Other districts . 

150 

600 

150 

600 

Cvutral Prorhices . 

150 

600 

150 

67>0 

Ilydcrahad .... 


r,0,216 

Mi,437 

62,550 

M ytiore. .... 

535,085 

2,041,130 

535,053 

2,055,567 

Pitnjal} .... 

103 

630 

195 

759 

iJniied Pruoince/i . 

2 

11 

3 

13 

TOTAL 

567,686 

0 

2.126,736 

567,780 

2,177.847 


Graphite. 

Theni was a marked rise in tlie vaJu(i roturned foi' the giapliite 
raised in the Tiavancore State, although tlie quantity produced 
was only slightly higher. Tn 1907 the total quantjjiy reported was 
2,4153 tons valuetl at £7,411, while in 1908 the quantity was 2,873 
tons valued at £14,365. 


Iron-ore. 


The quantity of iron-ore raised in 1908 was as follows 


Bengal 

Other Provinces and States 


. . n4,4He tons. 

• • 4,758 ,, 

Total . 59,224 „ 


In 1907 the total reported was 67,839 tons. 
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Jadeite. 

'riiere was a considerable increasi'. in the export of jadestone 
through Rangoon, from 2,636 cwts. valued at £49,643 in 1907, to 
3,211 cwts., valued at £73,400 in 1908. 

Magnesite. 

Arrangements liaving been made now for the calcination of mag* 
ncsite on the “Chalk Hills” near Salem, systematic production 
has been started, the output in 1908 l)eing 7,534 tons against 
a nominal production of 186 tons raised in 1907 for experimental 
purposes. 

Manganese-ore. 

Owing to the great fall in tin; j)rice of mangaues''-ore during 
1908, the production during that year was over 200,000 ton 5 
less tlian during 1907, but was nevertheless considerably greater 
than that of 1906 {571,495 tons), when the recent spell of high 
[nices first sot in. 1908 was a year of over-production, and the 
stocks on the mines at the end of the year were probably about 
300,000 tons. The best index of the state of the industry is pro¬ 
vided by tlie export returns shown in table 8. The provincial 
production of manganese-ore for 1907 and 1908 is shown in table 6, 
every province showing a decrease except Bengal and Bombay. 
The increase in the case of Bengal is notable and is due to the 
opening up of a large deposit in (langpur State. The average 
number of persons employed daily at manganese mines under the 
control of the Indian Mines Act was 16,416 in 1908 as against 18,715 
in 1907. 

Table G.—Prodiiction of Mdngan^e-ort^. for J907 atid 1908, 



PnovisoR. 



1907, 

1908. 





Statute 'I’onH. 

Statute Tons. 

Bengal . 



• 

2,sm 

20,000 

Bombay . 



• 

i 22.821 

23,232 

Central India 



• 

35,743 

13.315 

Central Provir 



m 

r>(r>,oi7 

431,055 

Madras . 




1.59,219 

118,089 

Mysore . 



• 

113.307 

08,924 

/ k r . 1. 


TOTAL 


899,055(ff) 

874,316(a) 


(a) Including l.T tons extmotod in Las Bola, R^luoliiatan, uiulrr h proapectinc 
license, ^ 
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Tablb 7. —Production of Manganese-ore in the Central Provinces 

during 1907 and 1908. 


Dtstrict, 

1907. 

1908. 

1 

Statute Tons. 

1 

Statute Tons. 

Balaghal ....... 

103,034 

135,487 

Blmndnra ....... 

104,203 

110,073 

CMihindwnra ....... 

30.728 

49,008 

Jubbiilpore ....... 

7,100 

48 

Nagpur ........ 

199.352 

13.5,839 

! 

TOTAL 

566,017 

1 

431,055 


Table 8. —Exports of Marujanese-ore for the years ending 3Jst March 

1908, and 31st March 1909. 


l*ORT, 

] 

l<)07-08. 

1908-09. 


Statutes Tons. 

Statute T’ons. 

Btimbny ....... 

384.1 ir> 

330,890 

(^ilouUa ........ 

42,.570 

24,907 

Mormugao . . 

99,902 

09,820 

S^izaga|mtam . . . . . ... 

121,735 1 

70,150 

TOTAL . 1 

1 4 

648,382 

607,833 


Mica. 

The exports of mica during 1908 fell to 27,572 cwts., valued at 
£139,513, from 39,055 cwts. valued at £226,382 in 1907. 

Petroleum. 

Increased activity in the Twingon Reserves of the Yenangyaung 
Oil-field, where rich oil-sands were struck at greater depths, resulted 
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in a marked rise in the production of petroleum during 1908, 
the total being 176,646,320 gallons, against 152,046,677 gallons in 
1907. To the total for 1908 the Yenangyaung fields alone contri¬ 
buted 123,789,630 gallons. There was an increase in the export 
of both kerosene and paraffin wax. Of the former 5,729,114 gallons 
were sent out, against 1,764,075 gallons in 1907, while of paraffin 
wax the export amounted to 83,572 cwts. in 1908 against 76,075 
cwts. in 1907. 


Ruby, Sapphire and Spinel. 

The despatch of rubies from Burma was artificially checked in 
consequence of the disturbance of the general gem market, while 
only sapphires of poor quality were obtained from the Zanskar 
workings. The value reported for these gem-stones in 1908 was 
only £47,954 against £98,258 in 1907. 

Salt. 

The salt produced in 1908 amounted to 1,279,937 tons against 
1,102,783 tons in 1907. This is exclusive of the amount of sea- 
salt manufactured at Aden, which amounted to 88,324 tons. The 
rock-salt raised in the Punjab and North-West Frontier Pro¬ 
vince amounted to 113,777 tons, or 8*9 per cent, of the total 
production. 

The foreign salt imported in 1908 amounted to 623,559 tons, 
against 547,169 tons in 1907. 


Saltpetre. 

The saltpetre exported in 1908 amounted to 386,199 cwts., 
valued at £292,758, against 357,689 cwts., valued at £274,679 in 
1907. 


Tin. 

The tin raised in South Burma in 1908 amounted to 1,887 cwts., 
valued at £11,016, which is above the average for the past five 

years, but is not indicative of any real development of the 
industry. 
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BENGAL. 


♦ 

District. 

Grantee. 

Mineral. 

Nature of 
grant. 

Aren in 
acres. 

Date of 
commence- 
meut. 

Twin 

Darjeeling . 

(2JJ) P. N. Bose, Esq. 

Coal, cooper, iron 
and other ores. 

P. L. 

i 

07 

201h October 
1908. 

1 year 

Gaya 

(24) Jhaman Singh aliait 
Jung Bahadur Singh. 

Mica . 

M. L. 

148 

23nl Man'h 
1008. 

10 years. 

Do. 

(25) Do. do. . 

Do. . 

M. L. 

2.'> 

24th June 
1908. 

Do. 

Do. 

(20) Do. do. . 

Do. . 

M. L. 

206 

Do. 

9 years 
and 9 
niunths. 

irozaribagli. 

(27) Mr. E. Lane 

Do. . 

P.L. 

80 

25th January 
1908. 

1 year. 

Do. 

(28) fiabn Hurari IaI 
Singha. 

Do. . 

P. J.. 

280 

2nd March 
1908. 

Do. 

Do. 

(2fl) Mr. S. 0. Pillion . 

Do. . 

P. L. 

360 

Srd March 
1908. 

Do. 

Do. 

(30) The East Indian 
Mica Mining Go., ltd. 

Do. . 

P. L. 

S'JO 

J8th March 
1906. 

Do, 

Do. 

(31) J. Borer, Esq. 

Dc. . 

P.L. 

J20 

Do. 

Da 

Do. 

vS2) E. Lane, Esq. 

Do. . 

P.L. 

40 

1.3th June 
1908. 

Do. 

Do. . 

(■ij; Do. 

Du. . 

P.L. 

40 

Do. 

Do. 

Do. 

(34) The East Indian 
Mica Mining (V>.. Ltd., 
through Mr. G. Murray. 

Do. . 

P.L. 

8(1 

26th Septem¬ 
ber 1008. 

Da 

Do. . 

(35) F. G.Tnlboi.Esq.. 

Do. . 

P.L. 

40 

15th October 
1908. 

Dll. 

Do. . 

(3«) Do. 

Do. . 

P. L. 

1(1 

Do. 

Do. 

Do. 

(37) The East Indian 
Mlc.a Mining Co.. Ltd. 

D<i. . 

P. L. 

40 

19th October 
1008. 

Do. 

Do. 

(38) Mr. J. Borer . 

Do. . 

P.L. 

120 

21 St Oetober 
J9U8. 

Do. 

Do. 

(30) Balm Murari Lai 
Singha. 

Do. . 

P. J.. 

200 

J2fh Deeem- 
ber 1908. 

Do. 

Do. 

(40) The lAst Indian 
Mica Mining Co., Ltd. 

Do. . 

V. L. 

SO 

18th Deeein- 
ber 1008. 

Do. 

Singbhmii . 

(4() Babu Mahdulal Doo- 
gar ot Calcutta. 

Manganese . 

P.L. 

J28 

27(h January 
1908. 

Do. 

Do. 

(42) Do. do. . 

Do. 

P.L. 

428 

Do. 

Do. 

Do. 

(43) Mr. Adolphe Gro9B« 
manu of Calcutta. 

Do, 

P. J,. 

7flft 

Do. 

Do. 

Do. 

(44) Babu Madhiilal Doo- 
gar of Calcutta. 

Do, 

P.L. 

3,264 

Srd February 
1908. 

Do. 

Do. 

(45) Messrs. Martin & Co. 
of (Calcutta. 

Chromite , , 

P.L. 

1.020 

8t.h Septem¬ 
ber 1008. 

Do. 


D. L. dcoot«B ISxplorlog Llccnae, P. L.» Prospecting License, nnd M. L.» Mining LcMe. 
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BOMBAY. 


District. 

Orantee. 

Mineral. 


Nature of 
grant. 

Area in 
acres. 

Date of 
commence- 
mont. 

Term. 

Relgauin 

(40) Mr. Ramrao Bellary 
of Dbaiwar. 

Manganese . 

• 


1.360 

Not stated . 

1 year. 

Do. 

(47) Mr. L. W. drum for 
Mr. R. T. Coggan of 
Bangalore. 

Do. 

• 

P.L. 

410 

23r(l March 
1008. 

Do. 

Do. . 

(48) Mr. 0. r. Boyce of 
Bclganm. 

Do. 

• 

E.L. 

9,060 

28th May 

1008. 

Do. 

Do, 

(40) Messrs. Glade ife Co. 
of Bombay. 

Mica . 


£. L. 

4,374 

23rd Hay 

1908. 

Do. 

Do. . 

(60) Messrs. Boyce A Co. 
of Bolgaum. 

Manganese . 


E.L. 

10,002 

30th Novem¬ 
ber 1908. 

Do. 

Do. . 

(61) Mr. Snmbshlv Tyar 
of Bangalore. 

Do. 

$ 

E.L. 

6,359 

20tli October 
1008. 

Do 

Do. . 

(52) Mr. N. F. Boyce of 

Gadag. 

Do. 

• 

E.L. 

8,566 

30th Noveru- 
her 1908. 

Do. 

Do. . 

(.53) Messrs. Boyce A 0>. 
of Bcigauin. 

Do. 

• 

E. L. 

459 

Do. 

Do. 

fiij&pur 

(54) Mr. S. E. Chcnai 

Gold . 


P.L. 

1,992 

4th January 
1008. 

Do. 

Do. 

(55) Mr, E. Pf. Mic 

Idangancse . 

• 

E. L. 

5,71.5 

I61h March 
1908. 

Do. 

Do. 

(.56) Do. do. 

Do, 

• 

E. L. 

]40 

5th June 1008 

Do. 

Do. 

(.5^ B. yagappa, Esq., 
Bar>at*Law, Banga¬ 
lore. 

Do. 

• 

P.L. 

313 

20tli August 
1008. ■ 

Do. 

Do. 

(68) C. P. Boycp, Esq., 
Belganm. 

Asbestos . 

• 

E. L. 

821 

0th July 1008 

Do. 

Do. 

(60) Mr. E. N. Ta'sHc 

Manganese . 

« 

P.L. 

1,007 

3rd August 
1008. 

Do. 

Do. 

(60) Lt.-Col. Reporter, 
r.M.S. (retired). 

Coal . 

• 

P.L. 

608 

2nd Septem¬ 
ber 1008. 

Do. 

Do. 

(61) Hr. E. K. Leslie 

Manganese . 

• 

P.L. 

291 

Do. 

Do. 

Do. 

(62) Do. lio. 

Do. 

• 

P.L. 

630 

Do. 

Do. 

Do. 

(63) C. P. Boyce, Esq., of 
iklgaum. 

Asbestos . 

1 

• 

P. li. 

1,436 

4th November 
1008. 

Do. 

DhArw&r . 

1 (64) Mr. Ibrahiinkhan 1 Copper and lead 
Pathan. 

J 

• 

P. L. 

85 

I8t February 
1008. 

Do. 

Do. , 

(65) Do. do 

* Manganese . 

• 

P.L. 

J,229 

Do. 

Do. 

Do. 

(66) Hr. LallubhAl Ear- 
eand&s, on behalf of 
Messrs. Jcslngbhal 

Maganlal A Co. 

Gold, silver and 
otber metals. 

1 

P.L. 

1,347 

18th June 
1908. 

. 

Do. 

Do. 

(67) Mr. R. y. BeUary . 

1 

i Manganese. 

1 

1 

• 

E. L. 

13,354 

Otb April 1008 

Do. 


E. L. denotes Exptorlng License, F. L., Prospecting License, and }!• L., Mining J/casc. 
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BOMBAY— contd. 


District. 

Grantee. 

Mineral. 


Nature oF 
grant. 

Area in 
arres. 

DateoF 

commence¬ 

ment. 

Term. 

niiArwSr . 

(68) Mr. C. B. Oakley . 

Gold . 

4 

P.L. 

3,707 

8ih August 
1008. 

1 year. 

Do. 

(09) Mr. J. J. Gasdar 

Copper and lend 

• 

P.L. 

203 

27tb July 1008 

Do. 

Do. 

(70) Do. do. 

Mani^neso. 

a 

P. L. 

418 

Do. 

Do. 

Do. 

(71) Do. do. 

Gold . 

• 

P.L. 

324 

Do. 

Do. 

Do. 

(72) Mr. Essak Ismail . 

Load . 

a 

P.L. 

808 

2lBt July 1008 

Do. 

Do. 

(73) Mr. B. Nagappa . 

Gold . 

• 

P.L. 

1,157 

21st Septem¬ 
ber 1008. 

DC. 

Do. 

(74) Mr. A. S. Tsmail 

Gold and copper 

• 

P. li. 

378 

20th July 1008 

Do. 

Do. 

(76) Mr. B. Xagappa . 

Gold 

• 

P. L. 

476 

21at Septem¬ 
ber 1008. 

Do. 

KAnara 

(76) Messrs. Boyce A Co. 

Manganese. 

« 

P.L. 

703 

3Ut Mkrch 
1008. 

Do. 

Do. 

(77) Mr. D. R. BalsAr- 
walla. 

Do. 

• 

P.L. 

2,.T.')7 

OUi January 
1908. 

Do. 

Do. 

(78) Mr. C. P.'^oyce . 

Do, 

♦ 

P.L. 

3,056 

3lBt March 
1908. 

Do. 

Do. 

(79) Mr. B. M. Doogar . 

Do. 

• 

P. L. 

5,524 

20th March 
1008. 

Do. 

Do. 

(80) Messrs. N. Vuteb- 
lUly A Co. 

Do. 

• 

P.L. 

6,708 

lOth Scptein- 
berlOO?. 

Do. 

Do. 

(81) Messrs. Futohally, 
Manaklal A Co. 

Do. 

• 

P. L. 

1 

6,745 

31 St March 
1008. 

Do. 

Do. 

(82) Mr. T. B. Eantharla 

i Do. 

I 

• 

1 P.L. 

057 

Do. 

Do. 

Do. 

(83) Mr. A. Pathan 

1 

Do. 

• 

P. L. 

575 

Do. 

Do. 

Do. 

, (84) Mr. M. G. Bcgdii . 

1 

Do. 

• 

P. L. 

3,776 

Do. 

Do. 

Do. 

' (85) Messrs. Fntehally, 

1 Manaklal A Co. 

Copper 

• 

! P. L. 

2,481 

Do. 

Do. 

Do. 

(86) Hr. R. T. Coggan . 

Manganese . 

• 

P. L. 

1,074 

Do. . 

Do. 

Do. 

> (87) Measrs. Rillick, 

Nixon A Go. 

1 

Do. . 

i 

• 

; P. L. 

1 

320 

20th March 
1008. 

Do. 

Do. 

(88) Mr. B. Nflgappa . 

1 Do. 

• 

P. L. 

3,515 

10th May 1008 

Do. 

Do. 

(89) Mr. Hlrachand 

Nomchand. 

1 Manganese and 

! mica. 

1 

P. L. 

i 

1 

2,0.37 

30th June 
1008. 

Do. 

Do, 

1 (00) Mr. P. J. Hegde , 

} 

! Manganese . 

• 

i p. L. 

1 

3,179 

15th May 1008 

Do. 

Do. 

(OT) Mr. B, N. Bellary . 

j 

Do. 


1 

i P. L. 

1 

1 

1,00.3 

15tl) August 
1008. 

Da 

Do. 

(02) Mr. M. Q. Hegde . 

Do. 

1 

1 

s 

P. L. 

320 

5th Septem¬ 
ber 1008. 

Do. 


j;. L. dcnotoB Exploring License, P. L., ProspcctinfC License, and M. L., Mining Lease. 

P 2 
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BOMBAY— conid. 


DISTIUCT. 

Grantee. 

Mineral. 


ITature of 
grunt. 

Area In 
acres. 

Date of 
commence- 
inent. 

Term. 

Eanara 

• 

(93) Messrs. Mabomad 
nusham A Co., Bom' 
bay. 

Maugaorsv* . 

• 

F. L. 

. 

1,070 

4th Novem¬ 
ber 1908. 

1 year. 

Finch Hnhftb 

(01) Mr. W. C. Symaa . 

Do. 

• 

P.L. 

a 

Whole of the 
Tanda estate. 

31st March 
1908. 

Do. 

Bo. 

• 

(05) Mr. Ratanlal Aan- 
chodlal. 

Do. 

a 

E. L. 

• 

Hot stated . 

29th Febru¬ 
ary 1908. 

Do. 

Bo. 

t 

(96) Messrs. Kahn, Eahn 
(feCo. 

Do. 

• 

E. L. 

• 

2.500 

31st March 
1908. 

Do. 

Bo. 

• 

(97) Messrs. Adarji Han* 
cherji Dalai. 

Do. 

• 

E.L. 

a 

2,500 

28th February 
1908. 

Do. 


• 

(98) Do. d't. , 

Do. 

• 

P.L. 

« 

470 

.30th March 
1908. 

Do. 

Do. 

• 

(00) Mr. Uatanlal Ran- 
chodlal. 

Do. 

• 

E. L. 

■ 

1,280 

29tb February 
1908. 

Do. 

Bo. 

■ 

(100) Messrs. Eahn, Kahn 
ACo. 

Do. 

• 

P. L. 

• 

411 

!l0th March 
1008. 

Do. 



(101) Hr. Tsmailji Abdul 
Diissoln. 

Do. 

• 

K.X. 

• 

Not stated . 

Do. 

Do. 

Bo. 

• 

(102) Mr. Karimbhoy 
Samsuddin. 

Do. 

• 

P. L. 

. 

Do. 

Do. 

Do. 

Bo. 

• 

(10-3) Mr. Tsmailji Abdul 
Hussein. 

Do. 

* 

E. h. 

• 

640 

Do, 

Do. 

B(». 

• 

(104) Do. clu. . 

Do. 

• 

E. L. 

• 

2.500 

11 th February 
1908. 

Do. 

Bo. 

« 

(105) Do. do, . 

Do. 

• 

MM 


2.5GU 

Do. 

Do. 


a 

(100) Mesara. Schroder, 
Smidt A Go. 

Do. 

• 

E. L. 

' 

• 

.5,700 

16 th January 
1008. 

Do. 

Bo. 

• 

(J07) Do. do. , 

Do. 

• 

' E. Ti. 

1 

1 

1 

• 

Not stated . 

doth March 
1908. 

Do. 

Do. 

• 

, (108) Do. do. . 

Do. 

• 

i E.L. 

1 

m 

Do. 

Do. 

Do. 

Do. 

• 

^ (109) Do. do. . 

1 

Do. 

• 

■ E. L. 

• 

1.020 

10th January 
1008. 

Do. 

Do. 

• 


Do. 

a 

E. X. 

0 

5,120 

Do. 

Do. 

Do. 

• 

1 (111) Do. do. . 

1 

Do. 

• 

I K.X. 

» 

1 

• 

2,560 

lOth January 
1908. 

Do. 

Do, 


; (112) Do. do. . 

1 

Do. 

a 

B.X. 

1 

• 

2,500 

25tli March 
190S. 

Do. 

Do. 

• 

(113) Do. do. . 

Do. 

a 

: E.X. 

• 

2,500 

Do. 

Do. 

Do. 

• 

(114) Do. do. . 

Bo. 

• 

1 

E. Ill 

• 

2,500 

Do. 

Do. 

Do. 

• 

1 (116) Do. do. . 

Do. 

• 

R.L. 

• 

2,500 

Do. • 

Do. 


£. I. denotoB Exploring Xlceose, F. L., Prospecting license, and H. L.* Mining T^ease. 
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BOMBAY— concid. 


DISTRICT. 

(Irantee. 

Mineral. 

Mature of 
grant. 

Area in 
acres. 

Date of 
commence¬ 
ment. 

Term. 

P&nch Mah6lai 

) 

(lid) Messrs. 
Smidt A Co. 

Schroder, 

Manganese. 

E. L. 

2,560 

25Uk March 
1908. 

i year. 

1 

Do. . 

(117) Do. 

do. . 

Do.. . 

K.L. 

2,560 

Do. 

Do. 

Do. . ! 

(118) Do. 

do. . 

Do. 

E.L. 

2,560 

Do. 

Do. 

Do. . 1 

1 

(IJ9) Do. 

do. . 

Du. 

E. L. 

2,500 

Do. 

Do. 

Do. . I 

(120) Do. 

do. . 

Do. 

E. L. • 

2,560 

Do. 

Do. 

Do. . 

(121) Do. 

do. . 

Do. . . i 

E.L. 

2,560 

Du. 

Du, 

Do. . ! 

(122) Do. 

do. . 

Do. 

E. L. 

2,560 

Do. 

Do. 

1 

Do. . 1 

(123) Do. 

do. . 

Do. 

B.L. 

2,560 

Do. 

Do. 

Do. . 

(124) Do. 

do. . 

Do. 

E.L. 

2,560 

Do. 

Do. 

Do. 

(125) Do. 

do. . 

Do. 

E.L. 

2,560 

Do. 

Do. 

Do. . 

(120) Do. 

do. . 

Do. 

E.L. 

2,5e(t 

Do. 

Do. 

Do. . 

a 

(127) Do. 

do. . 

Do. 

E. L. 

2,560 

Do. 

Do. 

Do. . 

(128) Do. 

do. . 

Do. 

E. L. 

2,560 

Do. 

Do. 

Do. 

Du. 

Do. 

(120) Do. do. . 

(130) Mr.F.A.H. East. 
Managing Agent to 
the Sliivarajpur Syn^ 
dlcate of Messrs, ('ory 
Brothers A Co., Bom¬ 
bay. 

(131) Mr. Gopdld&B 
Vlh&rldAs. 

1 

Do. 

Do. 

Do. 

E.L. 

E.L. 

P.L. 

2,560 

978 

4 

31st >lHrch 
1908. 

2nd May 1908 

30th J imo 

1008. 

Do. 

Do. 

Do. 

Do. . 

1 (132) Messrs. 

1 Sniidt & Co. 

Schrodci, 

Do. 

E.L. 

640 

Do. 

Do. 

Do. 

1 

I (133) Messrs. £ahn, Kahn 
& Co. 

Do. 

E> L* • 

Not stated . 

.30th Septera- 
i)cr 1008. 

Do. 

Do. . 

(134) Mr. Lalubhol H. 
Vakil. 

Do. • • 

P.L. 

1,600 

Do. 

Do. 

Do. 

(135) Mr. H. Sevadjlwan 

1 

Do. 

P.L. 

370 

Uth Decem¬ 
ber 1008. 

Do. 

Do. . 

1 (130) Do. 

do. . 

Do. 

P.L. 

170 

Do. 

Do. 

Eutoagiri . 

1 

: (137) Messrs. Kansec, 
Khalraz & Co., Bom¬ 
bay. 

t 

Graphite . 

1 

1 

P.L. 

in 

27th April 
1908. 

1 

! 

Do. 


BURMA. 


Ahyab 

(138) Messrs. Ezekiel A 
Co. 

Coal . 

m[ 

1,167 

1 

I8th Septem¬ 
ber 1908. 

i 

1 year. 

Amherat 

(130) Messrs. Foncar A Co. 

Do. . . 1 

1 

E.L. . 1 

1 

5,816*42 

Ist June 1008 

Do. 


£» L. denotes Exploring LIccdk, P. L.» Prospecting License, and &1. L., Mining Lease. 
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BURMA—corrfd. 


DisiBJCr. 

Grantee. I 

1 

Mineral. 

! 

Ifature of 
grant. 

Area In 
acres. 

Date of 
commence¬ 
ment. 

Term. 

Amhent . 

(140) Messw. ^(uear ACo. 

Antimony . 

1 

1 

1 

P. L. 

(renewal) ^ 

• 

3U914 

27Ui June 

1008. 

1 year. 

Bharoo 

(141) Mr. A. C. Macmil¬ 
lan. 

Gold, silver, lead 
and tin. 

P. L. . ! 

1 

3,2i)0 

28ti) April 
1908. 

Do. 

Uenuda . 

(142) The Bombay Burma 
C(nU Syndicate. 

Coal . 

P.L. . 1 

(renewal) 1 

2,560 

lOtb April 
1908. 

Du. 

Do. 

(i4») Mr. G. Mills 

Du. . 

P. L. . 1 

i 

\ 

3,200 

30th ffuveuL- 
bcrlOOS. 

J)u, 

Kyatiku6 . 

(144) Mr. r. D. Clark, on 
behalf of Mosars. Be¬ 
wick, Morclng A Co. 

All minerals 

P. L. . 1 

1 

( 

1 

1 

1,230 

18Gi JulyJ908 

Do. 

Magwe » 

(146) Maliouicd Goolaui 
UooHein. 

Fctrolcum . 

P.L. . ! 

1 

1 

J,2«0 

20tii March 
1903. 

Do, 

Du. 

(146) Messrs. Finlay, 

Fleming A Co-, Agents 
fur the Burma Oil Co., 
Ltd. 

Do. 

• 

■ 

P. L. . i 

1 

1 

1 

! 

i 

12,800 

J St May 1008 

a 

Du. 

Do. 

(147) Do. ilo. . 

Do. 

P. L. 
(renewal) 

1,280 

28th April 
1907. 

Do. 

Do 

(i4H) Messrs. A. 8. .Tamal 
Brothers A Co. 

Do. 

P. L. 
(renewal) 

640 

28th March 
1007. 

Df). 

Do. 

(149) Maliomcd Goolani 
lioosoin Surty. 

Do. 

P.L. 

I,2HU 

lOtli June 
1908. 

Do. 

Do. 

(150) Suleiuaii Adamjee 

Do. . . 

V. h. 

1.280 

4th June 1908 

Du. 

Do. 

()5l) Messrs. Finlay, 

Fleming A Co., AgenU 
for the Burma Oil Co., 
Ltd. 

Dll. 

1 

P. L. 

; (renewal) 

1,280 

28th April 

1 1908. 

1 

1 

Do. 

Do. 

(LG2) Messrs. A. 8. Jamal 
Brothers A Go. 

Do. 

, P. L. 
(renewal) 

040 

1 28th March 
' 1908. 

Do. 

Do. 

(153) MauugKynwE. . 

Do. 

P.L. 

< 

1 

iHo-oa 

1 23rd October 
1008. 

Do. 

Mandalay . 

(164) Messrs. Bewick, 
Moreing A Co. 

All minerals 

' P. L. 

484*8 

» 

! 20th January 
• 1008. 

Do. 

Do. , 

(155) Ml. B. C. J. 8WU1- 
hoe. 

Sliver, had, zinc 
and copper. 

i P. L. 

1 

1,280 

' 1st July 1908 

1 

Do. 

Do. . 

(156) The Burma Mines 
lUilway and Smelting 
Co. 

Don ore 

' P. L. 

' (renewal) 

68*83 

iBt August 
l|p8. 

Do.- 

Do. 

(157) Moolla Dawood . 

All minerals 

1 E. L. 
(renewal) 

i 

1 

t 

I 

Wliole district 
excluding 
oroasof rc- 
served 
forests. 

1st October 
1008. 

k 

Do. 

Mstgui 

(168) Mr. A. B. Snow, on 
behalf of Burma Deve¬ 
lopment Syndicate. 

Tin and wolfram. 

1 P. L. 

i 

1 

060 

15th Septem¬ 
ber 1908. 

Do. 


F<. L. denotes Exploring License, F.L., FroepecUng License, aodM.L., Ulnisg Lease. 



l*AKT. l.J Holland : Mineral Production of India, during 1908. 


87 


BURMA—cofiid. 


DiHTB£CT. 1 

Grantee. 

Mineral. 

Nature of 
grant. 

Area in 
acres. 

Date of 
commence¬ 
ment. 

Mcrgul 

(150) Messrs. Summers 

Iron and tin 

E.L. 

660 

25th Soptem- 


and Okeden, on be* 
half of Lt.-Col. K. M. 




her 1008. 

1 

Fobs. 





Miubu 

(160) Messrs. Finlay, 

Petroleum . 

V.L. 

J,60U 

1st January 


Fleming A Co., Agents 
for the Burma Oil Co., 

» 



1008. 

1 

Ltd. 



2S, western 
half of 88 


Do. . : 

1 

(161) Do. do. 

Do. 

P.L. 

1st April 1908 

1 

1 



and eastern 
halves of 


( 

J 

1 



blocks 7, y, 
11, 13, 16 


j 

» 




and 178 of 


) 

1 

1 

1 




Minbu oil- 

Wintiing 

bli’cks. 


Do. 

(102) Suleinan Aduiiiiuc 

Do. 

P.L. 

Half of block 

28tb 8epLem* 


I 


ailjniiilng 

l)er 1008. 





nortli of 2N, 
cast r. hal* 




1 


ves of 38, 




' 


48 and 03, 






western 
halves of 78, 






108,118,128. 
138.168,178, 
188 and one 






sq. mile south 
of 178. 


Du. 

(163) Mauug 811 Umaw 

Gold, silver, coi>- 

K. L. 

Over an area 

13th August 


and Maung Wa Byaw. 

per and oil. 


bounded as 
follows:— 

1008. 

i 



t 

' 

1 


North- Pakdk* 
ku District. 
South—.Man 
stream • 
Rast—lrra* 
waddy. 

West—Arakau 
Yoma. 

1 

1 

1 

1 

1 

» 

MOugmifc 

(164) Mr. A. B. Blackwell, 

Gold . 

B. L. . 

UO Bq. miles 

1 

' 3lHt March 

State. 

on behalf of the Shwell 
Gold Dredging and 
Mining Syndicate, Ltd. 

1 

1 

! 

(renewal) 

near Myitsdn, 
80 iiiilc.s of 
the 8hweii 

1008. 





river from 




1 

1 

j 


Myitedn to 
Jnywa. 


Do. 

(165) Do. do. . 

Do. . 

M.L. 

9 sq. miles, 

iBt November 

' 

t 

1 

» 

» 


near Mydsdn, 
to the north 
and aouti) 

1908. 






of the exist- 






Ing banks of 
tho Sbweli ' 






river a'ui 
termed the 
Eaukko and . 
Kyaingion 
aieas les- 
pecUvoly. 

( 

k 



Xerjil. 

1 yrar. 

Do 

Du. 

Do. 


Do. 

Do. 

30 years. 


£. L. denotes Exploring Llcenau, P. L., Prw])eetiiig Ucetnse, and Mining Lease. 
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BURMA— corUd, 


UlSTRICF. 

Uruntoc. 

Mineral. 

Nature of 
grant. 

Area in 
acres. 

Date of 
commnnee- 
ineiil. 

Term. 

Myiugyan . 

(160) McBorw. Finlay, 

Petroleum . 

P. L. 

3,504 

4th Df'tuhpr 

1 year. 


Fleming & Co., Agcnta 
for the Burma Oil Co., 
Ltd. 



1007. 





Do. 

(167) Do. do. . 

D(t. 

P. L. 

85 

l9Ui January 

Do. 




, 


1908. 


Du. 

(J6M) Mcbmj'h. I«Iuyee and 
SarkicB. 

Dt>. 

P. L. 

1,920 

30th April 
1908. 

Do. 

Du. 

(>69) UoBflrR. Jumui Bro* 
there & Co. 

CiNil and mica 

P. L. 

3.200 

28th April 
1908. 

Do. 

Du. 

(170) Mr. J.AV.Paiiy . 

Pctioleuiii . 

E. L. 

1,689'6U 

7th May 1908 

Do. 

Do. . 

(J7J) Moasra. Finlay, 
Fleming dt Co., Agenta 

Do. 

P.L. 

l,28fi 

27th July 1908 

Du. 


for the Burma Oil 0>.. 
Ltd. 


1 

i 

1 




Do. 

(172) M. Qoolani HouBein 

Do. 

1 P. L. 

610 

6th July 1908 

Do. 

Du. 

(17y) Messrs. Finlay, 

Do. 

1 

P. L. 

13,410 

IstMay 1908 

Do. 


Fleming <t Co., Agents 


; (rcncwiil) 


for the Burma Oil Co., 
Ltd. 






Do. 

(174) Do. do. . 

Do. 

P.L. 

2,560 

26t.h July 

Du. 






1908. 


Do. 

(175) Ma Kyi Kyi 

Mica . 

E.L. 

Not slated . 

31st October 

Du. 






1908. 


Myitkyiiia . 

(176) MaungPoKmi . 

All minerals 

E.L. 

Do. 

13th Novern- 

Do. 




' 


her J 908. 


Shan 

(177) Messrs. Bewick, 

Sllver-lpa»l ores and 

V. L. 

3,200 

6tli May 1908 

Du. 

ShitcB. 

Moreing A Co. 

ass i iated miner- 
als. 





Do. 

(178) Messrs. Mower A 
Co. 

(Jold . 

P. L. 

1,280 

21 St April 
1908. 

Do. 

Do. 

(170) Do. do. . 

Do. . 

P.L. 

1,280 

Do. 

Do. 

Do. 

(ISO) Do. do. . 

Silver and lead . 

P. L. 

1,60(1 

Do. 

Do. 

Do. 

(J8I) Mr.W.R.Billler. 

Antimony, tin, sil- 

P.L. 

2,880 

20th J une 

Do. 



ver and alli'’d 
metals. 


1 

1008. 


(fo. 

(1S2) Messrs. Mower A 

Copper and assn- 

P.L. 

1,920 

28th Septem- 

Do. 


Co. 

ciat«d minerals. 


ber J0U8. 

PakOkku . 

(180) Messrs. Finlay, 

Fleming A (Hk, Agents 
for the Burma Oil Co., 

Petroleum . 

P.L. 

(renewal) 

1,280 

3rd January 

1008. • 

Do. 




« 



Ltd. 






Do. 

(1S4) Maung To Thaik . 

Do. 

E. L. ( 

North-Bahiii 

13th January 

Do, 





vJllagB. 

South—Taunc^ 

1908. 




' 


Yo village. | 
Kast— Baung- 
bln village. 
Westr^Natt- 

1 


1 




aik Taung- 
Yo village. 




E. L. doaotoB Exploring Llcenue, P. L., ProBpccting Llcunae, xud M. L., Mining Leaie. 
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DlBTHlOT. 

Grantee. 

• 

Mineral. 

Nature of 
grant. 

Area in * 
acres. 

Date of 
eonuuenco’ 
ment. 

Term. 

PakOkka . ^ 

(185) Mr. J.W. Parry . 

petnileum . 

E. L. ■ 

1,380 

4th February 
1008. 

1 year. 

Do. 

(186) Maung Llm Biiu 
representative of 

Afaung^Shwe Guh of 
Shwti Oh Brothers & 
Co., Rangoon. 

All minerals 

£. L. ■ 

Whole district: 

26U) May i008 

Do. 

Do. . 

(187) Messrs. Finlay, 

Fleming & Co., Agents 
for the Burma Oil Co., 
Ltd. 

Petroleum . 

M.L. 

640 

1st Hay 1908 

30 years. 

Do. . 

(188) M. Uoolam Hoosoln 

Do. 

E.L. 

(renewal) 

Whole district 

6tli July J008 

1 year. 

Do. . 

(189) Messrs. J.\V. Dar* 
wood & Co. 

Do. 

P.L. 

1,5U5 

i2lh Decem¬ 
ber 1008. 

Do. 

Pfoinc 

(199) Mr. T. F. Franuw, 
(>n behalf of Messrs. 
John Wilson and 
Robert Ross Mac* 
donaUl. 

Gold and tin 

P. L. 

6,400 

ist April 1908 

Do. 

8. Shall 
SUtes. 

(191) Messrs. Mower A 
Co. 

Bilver, bmd and 
other associated 
niincrals. 

P. L. 

3,200 

61h January 
1908. 

Do. 

Du. 

(192) Do. du. . 

Do. 

• 

P.L. 

3,200 

18th June 
1008. 

Do. 

Do. 

(193) Mr. J. Dimioulin . 

Gold and silver . 

P. L. 

100 

12 th August 
1008. 

Do. 

Tliatoi) 

(194) Messrs. Mower A 
Co. 

Bilver and lead . 

P. L. 

2,500 

27th Novem¬ 
ber J908. 

Do. 

Thayclmyo. 

(195) Messrs. A. B. Jamal 
Brothers A Co. 

Petroleum . 

E.L. 

36'4 

29th April 
1908. 

Do. 

• Do. 

(106) Do. do. . 

Do. 

P. L. 

5,760 

] 6th Decem¬ 
ber 1008. 

Du. 

Do. 

(107) Do. do. . 

Do. 

P.L. 

1,280 

31st October 
1908. 

Do. 

Do. 

(198) Do. do. . 

Do. ... 

P. L. 

1,280 

Do. 

Do. 

Tounguo 

(190) Mr. C.E. Brown . 

All metals . 

P.L. 

(renewal) 

3.200 

30th April 
1908. 

Do. 

Do. 

(200) Mr. N. BauiwcU . 

Gold . 

!e. L. 

j 

Bhwcgyiji 
river and lU 
tributaries 

1 on the east 
of the Sittang 
river. 

19th DcfHim- 
ber 1908. 

Du. 

Yaiucthln . 

(201) Mr. A. C. Mactiiil- 
lan, on behalf of the 
Mount Pima Mining 
Co. 

Gold, silver, lead, 
copper and tin. 

P.L. 

4,960 

1 

10th August 
1908. 

1 

1 

Do. 


E. L. dcnotcB Exploring License, P. L., Prospecting License, and M. L., Mining Lease. 
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BaUghat 

Do. 


Grantee. 


Do. 

Do. 

Do. 

Do, 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

j!>o. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


iui. j/. iMAjiiiiiHra* 

yan of Kamptee. 

(2U3) Mesai-s. Ratan- 
chand Kcshrlohand 
ChuIIany A Sons, 
Samptee. 

(204) Diwau Daliadur 
Kaaturchaiid Daga of 
Kamptee. 

(206) Mr. TrJcuindaHs 
Cooverji Bhojo of 
Dalcuttu. 

(206) Mr. C. Velu AyiUi 
of Balaghut. 

(207) Mr, D. liaxiiiJnura- 
yan of Kaniptcc. 

(208) Tho Indian Manga¬ 
nese Co. 

(209) Mr. D. Daxininara- 
yan of iCatiiptcc. 

(210) Mr. Byrainji pog, 
<fIUlpur. 

( 211 ) Mr. Jj. a. Bcciirtt . 

(212) Mr. Byratiiji Pcs- 
lonji. 

(21») Mr.M.M. Mulhm . 

(214) Do. du. . 

(216) Mr. Byramjl peg. 
tonji. 

( 216 ) Slngai Parniaiiaiid 
Sao. 


(217) Mr. Byramjl Pes- 
tonji. 

(218) Do. do. . 

(219) Mr. M. B. Chopra . 

(220) Do. do. . 

( 221 ) Singai Parmanand 
Sarupchand. 

(222) Do. do. . 

(223) Mr. C. Velu Ayah . 


Mineral. 

<• 

Rature of 
grant. 

Area in 
acres. 


Date of 
commence¬ 
ment. 

Term. 

Manganese . 

1 

• 

. P. Is. 


1,967 


loth Ft'bruarv 

' J y(!ar. 




1 

1 

1908. 

Do. 

' p. h. 


1,163 

4 

3rd January 

Do. 





1908. 


Do. 

P.L. 

127 


2flth March 

Do. 


1 



1908. 


D(). 

P.L. 

1 1.2BU 

j 

9lh March 

Do. 



1 

( 

1008. 


Do. 

P.L. 

' 76 

1 

1 

1 

20lh January 

Do. 



1 

1 


1908. 


Do. 

P. L. 

’ 64 


26th February 

Do. 



1 


1908. 


Do. 

M.L. 

i :iiu 


27(h Januai'v 

W years. 



1 


1908. 


Do. 

P.L. 

! 

t 

loth Febriiaiy 
ID08. 

I year 

Du. 

B. L. 

i I.48.'» 

■ 

3Sj h Jaunary 
lOO'J. 

ihP. 

Du. 

' P. 1. 

48 

1 

lOtli Febniary 

Do. 

Do. 

P. L. 


1 

1008. 


, 165 

! Oth March 

Do. 


1 

j 

1 

1008. 


Do. 

li.L. 

i7,J9;i 

! 28th Jauiiary 

Do. 




i 

1908. 


Do. 

13.L. 

15,480 

31 st Mai'c'h 

Do. 

Do. 

B. L. 

3,001 

1908. 

28th January 

Do. 





1008. 1 


Do. 

K. L. 

1,228 

29tli January 

Do. 





1008. 


Do. 

£. Jj. 

S,803 

3rd March 

Do. 

• 




3008. 


Do. . 

B.L. 

2,859 

28th Jaunary 

Do. 





1908. 


Do. . 

E. L. 

81 

20th February 

Do. 





1908. 


Do. 

B. L. ( 

370 


Do. 

Do. 

Do. 

E.L. 

021 

29th January 

Do. 





1008. 


Do. 

E. L. a 

662 


Do. 

Do. 

Do. 

P. L. 

104 

23rd Muvh 

Do. 





1908. 



B. L. denotei JJjtplorlB* UceoM. P. L, Prospwtiw Uctme. and M. L., Mining Lease. 
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CENTRAL PROVINCES^confrf. 




Grantee. 


Mineral. 


Nature of 
grant 


Arcaiu 

acres. 


commence 


Balaghat (224) Messrs. Tata Sous Itauganese . . | E. L. 

A Co. ' 


Do. . (225) Mr. M. B. Chopra . 
Do. . (226) Do. .In. . 


. B.L. 


. B. L. . . 


30th March ■ 1 year. 
1008. ! 

26th Bebrunry: Do. 
i908. 


(227) Diwau Bahadur 
Kosturchand Daga. 

(228) Mr. M. M. Mullua . 


• (229) Messrs. Uanesh 

Brasad and Jankl 
Prasad. 

(230) Do. do. . 


(231) Babu KriiHi8haii* 
her. 



20th Maj-cli 
1008. 


12 th March i 

1008. I 

Olst March i 
1008. 


13th March 


B. h. 


0 Do. 


Do.l 


(232) Kai SoJiib Mathura 
Prasad and Motllal. 


Do. do. . 


(234) Mr. Bhudar 8ao . 

(235) JjsIu B. Hitaraiii , 

(236) Mr. M.M. Mullua . 


(237) Diwan Bahadur 
Kaeturchand Daga. 

(23H) Mr. D, Laxminara- 
yan. 

(230) DJwan Bahadur 
Kosturchand Daga. 

(240) Mr. Byrainji D. 
Dungaji. 

(241) Messrs. Bainprasad 
and Lazmlnaiuyan. 

(242) Mr. J. W. Parry . 

(243) Do. do. . 

(244) Do. do. . 

(245) Diwan Bahadur 
Kaeturchand Daga. 

(246) Messrs. Dutt, Burn 
A Co. 


P. L. 


P. Ji. 
B. L. 



P. h. 


P.L. 



B. L. 
B. I. 
E. L. 



4,289 

2,835 

1,207 


22iul J uii(> 
1008. 

3rd June 1908 


3Utli May 1908 


3rd June 1008 


4tli April 1008 


3rd June 1008 


10th May 1008 


22Dd May 1008 


lltli April 

1008. 

23rd May 1908 39 yean. 


E. L. denotes Bsplorlng License, P. L., Prospecting Ucensc, and M. L., Hinlng Lease. 
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CENTRAL PEOVlNCES-con^rf. 


Distjuot. 

(iraiittic. 

Mioerul. 


Nature ol 

Area in 

Date of 
coiiuneiice- 

Term. 






grant. 

acres. 

ment. 


Balaghnt 

« 

1 (247) Messrs. Lall Bchnrl 
Naraindus and ilani* 

Manganese . 

■ 

P.D. 

1 

H4 

3rd June 1008 

1 year. 



charan Hhunkor Lull. 







Do. 


(248) Do. do. . 

Mica . 

• 

P.L. 

60 

Do. 

Ou. 

Do. 

■ 

(240) Hr. Bhudliar 8ao . 

Manganese . 

• 

E. L. 

2,261 

Do. 

Du. 

Do. 

• 

(2.50) Lala B. Sltarain . 

Bi). . 


fi. L. 

742 

30Ui May 1008 

Du. 

Do. 

• 

(2.51) Mr. Byr^^ulji Postonji 

Do, 

t 

£.D. 

4,801 

12th June 1008 

Do. 

Do. 

• 

(262) £abu Kripu 8haJi- 
kcr. 

Do. 

« 

E. li. 

1,233 

3rd June 1908 

Do. 

Do. 

« 

(25a) Do. lio. . 

j Do. 

• 


4Il» 

Do. 

Do. 

Do. 

« 

(254) Do. do. . 

Do. 

t 

QjHj 

523 

Do. 

Do. 

Do. 

• 

(255) Mr. Byraiiiji I*(at(niji 

Do. 

• 


7,810 

12thJun? 1008 

Dr. 

Do. 

• 

(2Gfi) Mr. Hirulal Sukul . 

Do. 

• 


lb 

2Ji^t May liHJS 

Do. 

Do. 

• 

(257) Hr. Byraiitji Pcstonji 

Do. 

• 

E. L. 

7,165 

12th June 1008 

Do. 

Do. 


(258) Do. ,I„. . 

Do. 

• 

e.l. 

5.471 

Do, 

Du. 

Do. 

• 

(250) Messrs. Gaur 

Ratansba A C.*. 

Do. 

« 

B. L. 

2,471 

28tli May 1908 

Dr. 

• 

Do. 

• 

(260) The Jfftgpur Man- 
(taneae Mining Syn¬ 
dicate. 

Do. 

■ 

E.L. 

22 

6th Juno 1008 

Do. 

Do. 

t 

(261) Diwan Bahadur 
Sasturchand Daga. 

Do. 

• 

P.L. 

834 

lOth August 
1008. 

Do, 

Do. 

• 

(262) Mr.M.M.MulJna . | 

Do. 

• 

P. U 

urn 

21st Scptcni- 

Do. 








ber 1008. 


Do. 

• 

(2e:i) Do. dn. . 

Do. 

« 

P. D. 

204 

Do. 

Do. 

Do. 

■ 

(264) Kai Sahib Haihiira 
Prasad and Motilal. 

Do. 

• 

P.E. 

182 

Otii July 1008 

Do, 

Do. 

• 

(265) Do. do. . 

Do. 

$ 

M. E. 

183 

IHtli August 

30 years. 








1008. 


Do. 

• 

(266) The Centra! Provln- 
ees ProBiKJcting Syndl- 

Do. 

• 

M.E. . 

20 

2nd June 1908 

Do. 



cate. 

1 







Do. 

• 

(267) Singul Farmaoand 1 
Sarupchand. 

Do. 

■ 

P.L. 

74 

20th Ju!y 1008 

1 year. 

Do. 

« 

(268) Mcasrs. B. B, B, 
Puuzdar A Brothers. 

Do. 

• 

P.L. 

173 

28th Septem¬ 
ber 1908. 

Du. 

Do. 

• 

(260) Mr. Hiralnl Sukul . 

Do.' . 

• 

P.L. 

76.3 

Do. 

Do 

Do. 

■ 

(270) Diwan Bahadur 
Easturchand Daga. 

Do. 

• 

P. L. 

42 

10th Septem¬ 
ber 1008. 

D.. 

Do. 

• 

(271) Mr. Kambllas Mur- 
lidbar. 

Do. 

• 

P.L. 

33 

25th August 

Do. 







1908. 








Part. 1.] Holi-and : Mineral Production of India during 190S. 


93 


CENTRAL PROVINCES-contd. 


DISTRICT. 

Orantoo. 

Mineral. 

Nature of 
grant. 

Area in 
acres. 

Date of 
commenco- 
ment. 

Term. 

Balaghnt . 

(272) Mr. M. M. Gupta . 

ManguncdC • 

■ 

P.L. 

1 

272 

30th August 
1008. 

1 year. 

Do, 

(273) Mr. Byrainjl JPes- 
tonji. 

Do. 

• 

P.L. 

414 

j 

20tli Septem¬ 
ber 1908. 

Du. 

Do. 

(274) Rak Gokul Dass 
of Jubbulpore. 

Do. 

• 

P.L. 

68 

2lBt Septem¬ 
ber 1008. 

Dt). 

Do. 

(276) The Jubbulpore 
Prospecting Syndicate. 

Do. 

• 

P.L. 

176 

Do. 

Do. 

Do. . 

(276) Mr. D. Laxmlnara* 
yan. 

MIch . 

• 

P.L. 

28.6 

21th Septem¬ 
ber 1008. 

Do. 

Do. 

(277) Diwaii Bahadur 
Kasturclmnd Daga. 

Mauganesp . 

« 

P.L. 

22 

16th Septem¬ 
ber 1008. 

Do. 

Do. 

(278) Do. do. . 

Do. 

ft 

P.L. 

46 

1 

9th July 1008 

Do. 

Do. 

(279) Do. (lc». . 

Do. 

ft 

f P. L. 

2.> 

6tb August 
1008. 

Do. 

Do. 

( 280 ) Mr. C. Vclu Ayah . 

Do. 

ft 

P. L. 

81 

27lh July 
1008. 

Do. 

Do, 

(281) The Nagpur Muii- 
gancfic Mining Syndi¬ 
cate. 

Do. 

• 

P. L. 

18 

llth August 
1008. 

Do, 

Do. 

(282) Thnkur Paiku 
Singh. 

Do. 

• 

P.L. 

1 

1 

18 

3rd July 1008 

Do. 

Do. 

(283) Mr. r. N. Bose . 

Do. 

• 

' E. L. 

2,08(1 

3rd August 
1006. 

Do. 

Do. 

(284) Mr. Byrainji Pcs- 
toiijl. 

Do. 

• 

' r. L. 

5.3 

3rd Septem¬ 
ber 1008. 

Do. 

Do. 

(28.''i) Mr. Jjitbihari 

Naraindas. 

Do. 

1 

1 

• 

P. L. 

202 

26tli Septem¬ 
ber 1008. 

Do. 

Do. . 

(28ft) Babu Nago Bhimji 

1 Do. 

ft 

1 P. J.. 

1 

78 

22nd Septem¬ 
ber 1908. 

Do. 

Do. . 

(287) Mr. A. C- Blechyn- 
dcn. 

! Do. 

j 

« 

I P. L. 

20 

28tb Septem¬ 
ber 1008. 

Do. 

Do. . 

(288) Babu Nago Bhiinjt 

i Do. 

1 

• 

1 P. L. 

1 

28 

22nd Septem¬ 
ber 1908. 

Do. 

Do. 

(289) Mr. Byramji D. 
Doongaji. 

1 Do. 

1 

ft 

' P. L. 

6 

12th August 
1008. 

Do. 

Do. 

(290) Messrs. Schroder, 
Sinidt & Ck>., Calcutta. 

j Do. 

1 

ft 

£. L. 

» 

1,605 

lit 1 July 1008 

Do. 

Do. 

(201) Mr. C. Velu Ayah . 

1 Do. 

1 

j 

ft 

M.L. 

127 

17th Septem¬ 
ber 1008. 

30 years. 

Do. 

(292) Messrs, itamprasad 
and JjRxminaraln. 

1 Do. 

ft 

; E. L. 

i 

1 

142 

t 

IBth August 
1906. 

Do. 

Do. 

> (293) Mr. Rambilas Mur- 
lidhar. 

Do. 

i 

ft 

I P. L. 

27 

25t}i August 
1008. 

Do. 

< 


£, h. denot^es Exploring License, P. L., Prospccllng License, and M. L., Mining Lease. 
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CENTRAL PROVINCES-cofrfd. 


DIBTAICT. 1 

Grantee. 

Mineral. 

Nature of 
grant. 

Area in 
aoro'^. 

Date of 
commence- 
moot. 

Term. 

Balaghat 

(294) Messrs. Tata Hons 
AGO. 

Bauxitt! 

• 

P. L. 

8,639 

13Mi October 
1908. 

lyear. 

Do. 

(296) Mr. M. fi. Chopra. 

Manganrso 

• 

1*. 1. 

98 

18th Decem¬ 
ber 1908. 

Do. 

Do. . 

(296) LaU B. Hitarani . 

Do. 

• 

P.D. 

328 

10th Novem¬ 
ber 1008. 

Do. 

Do. 

(297) Do. do. . 

Do. 

■ 

P. L. 

742 

Do, 

Do. 

Do. 

(298) Mr. D. Laxtnlna* 
rain. 

Du. 

• 

M.D. 

340 

10th Novem¬ 
ber 1908. 

30 years. 

Do, 

(209) T^Ia D. 81tnram . 

Mica 

» 

P. T,. 

170 

18th Decem¬ 
ber 1008. 

1 year. 

Do. 

(30(») Do. (In. . 

Do. 

• 

P. L. 

fll 

10th Novem¬ 
ber 1008. 

Do. 

Do. 

(301) Mr. G. 6. Beckett, 
Kamptec. 

Manganese . 

a 

• 

P. L. 

85 

13th October 
1908. 

Do. 

Do. 

(302) Bsbn E. Kaganna 
Baidu. 

Do. 

• 

P.L. 

21 

Ist December 
1908. 

Do, 

Do. 

(303) Mr. H, 0. KolmeH . 

Do. 

• 

P. h. 

203 

lOth Decem¬ 
ber 1008. 

Do. 

Do. 

(304) Mr. M. M. Mullna . 

Do. 

• 

P.L. 

88 

18th Decem¬ 
ber 1908. 

Doi 

Do. . 

(305) Mr. Bhndhar Hho . 

Do. 

■ 

P. L. 

29 

21st Decern- 
bftr 1908. 

Ibi. 

Do. 

(306) The (ksntral Prov 
inccR Proapeeting 

Syndicate, Kamptec. 

Do. 

• 

M. L. 

411 

14th October 
1908. 

30 years. 

Do. 

(307) Mr. A. C. Blcdiyn- 
dcn. 

Do. 

f 

P. 1,. 

1(H) 

3lRt October 
1008. 

1 year. 

Do. 

(.308) Do. r|f‘. . 

Do. 

• 

P. 1.. 

131 

22nd OctoiMT 
1908. 

Do. 

Do. 

(300) Do. do. . 

Do. 

• 

P. J.. 

105 

Do. 

Do. 

Do. 

(310) Mr. lAlbihari 

Naralnda.<i of Kamptec, 

p 

Do. 

• 

M.L. 

42 

13th October 
1908. 

5 years. 

Do, 

(311) Mr. A. 0. Blcchyn- 
den. 

Do. 

• 

P.L. 

213 

llth Novem¬ 
ber 1908. 

1 year. 

Do. 

(312) Mr. Bhudhar Sao . 

Do. 

• 

P.L. 

81 

2lBt Decem¬ 
ber 1908. 

1)0. 

Do. 

(313) Balm Nago Bhimji 

Do. 

• 

P. L. 

273 

26th Novem¬ 
ber 1908. 

Do. 

Do. 

(314) Mr. T. B. Kantha- 
ria. 

Do. 

• 

P.L. 

95 

1 

Ist December 
1908. 

Do 

Do, 

(315) Messrs. Kassam* 
bhoy, Gopaldas and 
Mahadco Seth. 

Do. 

• 

P.L. 

1 5 

1 

1 

1 

12th Novem¬ 
ber 1008. 

Do. 


IS. L. denotn Sxploring Ucenie, ?. Prospecting ItirenAP, and M. L.. Hining Lcbm. 
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018IRIOT. 

Grantee. 

Mineral. 

Nature ol 
grant. 

1 

Area in 

BCies. 

1. 

1 

Date of 
commoQce- 
mont. 

Terra. 

Balagbat . 

(316) Messrs. Eamprasad 
and Jjnxminaraln. 

Manganese . 

P. h. 

HO 1 

1 

18th No?em- 
her 1008. 

1 year. 

Do. 

• 

(317) J^la B. Sltarain . 

Mica . 

1 

B. L. 

146 

lOtb Novem¬ 
ber 1008. 

Du. 

00. 

(816) Messre. Oumarall 
Brothers. 

ManganOBG , 

E.L. 

1,265 

16(ii October 
1908. 

Do. 

1>:>. . 

(310) Balm Kripa Shan- 
kcr. 

Do. 

i 

1 

B. b. 

724 

11th Novem¬ 
ber 1008. 

Do. 

Do. . 

(32U) Do. do. . 

Do. 

E. L. 

628 

Do. 

Do. 

Bctul 

(321) Mr. 1». K. Cameron 

Coal . 

P. L. 

12,821 

Uth April 
1008. 

Do. 

Do. 

(322) Mr. P. C. Dutt . 

Do. . 

1 

K.L. 

34,230 

13th June 
1006. 

Do. 

Do. 

(323) Mr. R. K. Kaiiga . 

1 

Di>.. . . i 

B. L. 

2,700 

5th May 1008 

Do, 

Do, 

(324) Mr. M. M. Miillna . 

Do. . 

P.l, 

7W 

21flt October 
1908. 

Do. 

Do. 

(325) Mr. H. K. Ksnga . 

Do. . 

P. L. 

2,71M) 

21st Decem¬ 
ber 1908. 

Do. 

Do. 

(326) Mr. KhiiiiJI Coover- 
Jl, Bombay. 

Do. . 

P. L. 

2,0.>5 

15th Novem¬ 
ber 1008. 

1 Do. 

i 

1 

Do. 

(327) Seth Lakhmiehand 
of Badnur. 

Grapfdte and cor- 

1 unduin. 

» 

P. L. 

1,263 

I5(h Decem¬ 
ber 1008. 

' Do. 

1 

Do. 

(326) Mr. Hanmantrao, 
Mohit'y, Kamptec. 

• 

) All minerals 

1 

i 

P. L. 

208 

23rd Decem¬ 
ber 1008. 

‘ Do. 

Do, 

(329) The Hoii'ble Sir 
Vithaldas Thackorsay. 

1 

1 Coal . 

P. L. 

37,142 

16th Decem¬ 
ber 1008, 

Do. 

1 

Bltaridara . 

(33U) Bal Sahib Mathura 
Praaad and Mntilal. 

Mangunem'. 

'P.L. 

782 

10th February 
1908. 

1 Do. 

1 

1 

Do. . 

(331) Diwan Bahadur 
JCastiirchand Daga. 

Do. 

1 

P. L. 

185 

8tii January 
1908. 

i Do. 

1 

Do. 

(332) Messrs. CursetB A, 
Co. 

Do. . . 

1 

P. L. 

37 

3rd January 
1906. 

1 Do. 

i 

Do. . 

(333) Mr. Rambilaa Hur- 
ildbar. 

Dt). 

P.L. 

1 337 

1 

D«>. 

r 

Do. 

Do. 

(334) Mr. D. Laxmina- 
rain. 

Do. 

M.L. 

1 22 

I 

6th Febr<ury 
1008. 

i 

{ 30 years 

( 

Do. 

(335) Mr. Sharnjl Madho* 

ji. 

Do. 

P. L. 

441 

1 

i 

25th Decem¬ 
ber 1907. 

1 year. 

Do. . 

(33B) Mr. Byrami! Pes- 
tonil. 

Do. 

B.L. 

1 200 

1 

t 

28th January 
1008. 

Do. 

1 

r 

Do. 

(337) Mr. Hlralal Sukul. 

Do. 

P.L. 

500 

25th January 
1008. 

Do. 

> 


E. L. denotes Sx)doring Lioensei P. L.| Prospecting License, and M. L., Mining LoMe. 
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CENTRAL PROVINCES^(m<(i. 









Date of 

- 

PlSTKIOT. 

Qrantee. 

Mineral. 


Nature of 
grant. 

. . 

Area in 
acres. 

commence¬ 

ment. 

'renri.' 

Bliandara . 

<338) Lala B. Sitaram . 

Mauganssc . 

■ 

P. L. 

• 

95 

3rd Moreii 
1908. 

1 year. 

Do. . 

(3.39) Bai Sahib Mathura 
Pmsad. 

Do. 

• 

P. L. 

• 

4 

' 10th February 
1908. 

Do. 

Do, 

(340) Messrs. B. B. B. 
Fonzdar A Bros. 

Do. 

* 

P. L. 

• 

01 

31 st January 
1908. 

Do. 

Do. 

(341) IDii Sahib Mathura 
Prasad and Motilal. 

Do. 


W L. 

9 

102 

lOMi February 
1908. 

Do. 

00. . 

(.342) Messrs. B. B. B. 
Fouzdar (b Bros. 

Do, 

• 

P. L. 

• 

61 

3l8t January 
1908. 

Do. 

Do. . 

(343) Mr. S. S. Wazalwar 

Do. 

• 

E. L. 

« 

J44 

Not slated . 

f Do. 

Do. 

(344) Do. do. . 

Do. 

• 

E. L. 

• 

290 


1 Do. 

Do. 

(345) Mr. Darasiia Man* 
cherji. 

Do. 


P. L. 

• 

H 

8th January 
1908. 

Do. 

Do. 

(346) Mr. G. P. Jaidco 
Prasad. 

Do. 


P.L. 

• 

127 

5 th March 

1908. 

Do. 

Do. 

(347) Mr. B. B. Onkar- 
dass. 

Do. 

■ 

P. L. 

» 

15 

Do. 

Do. 

Do. 

(348) Mr. Danislm Man- 
eherji. 

Do. 

• 

P. L. 

• 

it) 

10th February 
1908. 

Do. 

Do. 

(349) Do. do. . 

Do. 

• 

P. L. 

• 

o 

M 

16th February 
J908. 

Do, 

Do. 

(3.50) Messrs. Kasambhoy 
Bamji <kCo. 

Do. 

■ 

B. L. 

• 

258 

6tli Deceraher 
1907. 

Do. 

Do. 

(351) Mf. Byramji Pcs- 
tonji. 

Do. 


E. L. 

• 

968 

17th January 
1908. 

Do. 

Do. 

(3.52) Mr. Darasliaw Man- 
clierji Dooitgail. 

Do. 

• 

E.L. 

• 

■121 

6th December 
1907. 

Do. 

Do. . 

(35.3) Mr. D. N. Mltra . 

Do. 

• 

P.L. 

• 

15 

20th March 
1008. 

Do. 

Do. 

(3.54) Mr. Darashaw Man- 
cherji D. Doongaji. 

Do. 

• 

E.L. 

■ 

10 

3rd January 
1908. 

Do. 

Do. 

(355) Mr. Kiishlnatii 

llamchandrn. 

Do, 

■ 

P. L. 

« 

27 

26th February 
1908. 

Do, 

Do. 

(356) Messrs. Cursetjl & 
Co. 

Do. 

• 

P. L. 

• 

49 * 

30th April 
1008. 

Do. 

Do. 

(357) Mr. D. Laxmina- 
rain. 

Do. 

• 

M.L. 

■ 

216 

0th A]>ril 1008 

30 years. 

Do. 

(358) Bal Sahib Mathura 
Prasad and Motilal. 

Do. 

• 

B. L. 

■ 

2,.592 

20th April 
1008. 

1 year. 

Do. 

(350) Mr. Bambllas Mur- 
lidhar. 

Do. 

• 

P, L. 

s 

89 

12th May 1008 

Do. 


IS. L. dpiiotea DxplorlnR License, T. L., Prospecting License, snd M. L., Mining T^caao. 
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• « 

Bisniroi!. 

Oiantee. 

IClneiaL. 

Batoreof 

grant. 

Area In 
acres. 

Date of 
commence¬ 
ment. 

Terms. 

Bhandsra 

• 

(860) Mr. Jagsnnath Bala* 
ram. 

Manganese . 

• 

P.L. 

66 

10th March 
1906. 

1 year. 

Do. 

• 

(361) Mr. a. B. Didorkar 

Do. 

• 

• 

P.L. 

1 

30th April 
1908. 

Do. 

Do. 

• 

(362) Mr. Daraaba Man- 
cherji. 

Do. 

• 

% 

• 

P.L. 

774 

22nd March 
1908. 

Do, 

Do. 

• 

(363) Mr.D.X.Mitra . 

Do. 

e 

• 

P.L. 

l08 

30th April 
1908. 

Do. 

Do. 

• 

(364) Mr. Monnaial Tivari 

Do. 

• 

• 

P.L. 

42 

3oth June 
1908. 

Dr, 

Do. 

• 

(366) Hr. K. B. Onkai- 
dass. 

Do. 

1 

• 

• 

B.L. 

15 

a 

^7th Mayph 
1908. 

Da 

Do. 

• 

(366) Mr. T. B. Mantlu- 
rla. 

Do. 

• 

• 

P.L. 

66 

19th June 
1908. 

DOr 

Do. 

• 

(367) Lala Oanegh Pia- 
shttd and Janki Pra- 
aliod. 

Do. 

• 


K.L. 

Not stated . 

14th June 
1008. 

Do. 

Do. 

t 

(368) Ifr. WoBudco Trim- 
bak Shcndcy. 

Do. 

a 

• 

B.L. 

164 

18th May 1908 

Do, 

Do. 

• 

(369) Mr. Lalbibarl 

Naralndas. 

Do. 

• 

• 

P.L. 

05 

20th April 
1908. 

Do. 

Do. 

• 

(370) Babu Madbulal 
Doogar. 

Do. 

• 

a 

P.L. 

63 

17th July 1908 

Do. 

Do. 

• 

(371) Mr. Rambllas Mur- 
lldbai. 

Do. 

• 

• 

P.L. 

94 

25tit June 
1908. 

Do. 

Do. 

• 

(372) Dlwan Bahadur 
Easturchand Daga. 

Do. 

• 

• 

B. L. 

' 709 

6th July 1008 

Do 

Do. 

• 

(373) Mi. Jagannath 

Ballabliram. 

Do. 

• 

• 

P.L. 

10 

21st Septem¬ 
ber 1008. 

Do. 

Do. 

% 

(374) Mr. Aambilas Mur- 
lidhar. 

Do. 

■ 

• 

P.L. 

863 

24th Septem¬ 
ber 1908. 

Do. 

Do. 

• 

(375) Mr. S. S. Wacalwar 

Do. 

• 

s 

P.L. 

17 

18th July 1908 

Do. 

Do. 

• 

(370) Do. dp. . 

Do. 

s 

e 

P.L. 

44 

25th July 1909 

D*>. 

Do. 

■ 

(377) Mr. Lalbihari 

Karalndas. 

Do. 

• 

• 

P.L 

870 

18th July 1008 

Do.' 

Do. 

■ 

(378) Hr. Rambllas Mnr- 
Udhar. 

Do. 

a 

% 

P.L. 

62 

20th July 1009 

Da 

Do. 

• 

(370) Mr. BTrainjl Pcs- 
tonjl 

Do. 

e 

■ 

P.L. 

8 

20th August 
1908. 

Do. 

Do. 

• 

(380) Mr. P. Balkrlshna 
N^du. 

Do. 

e 

e 

P.L. 

16 

7th July 1008 

Do. 

Do. 

• 

(381) Mr. Hlralal Sukul. 

Do. 

• 

• 

P.L. 

217 

25th August 
1908. 1 

Do. 


B. L. deaotet Exploring Upodbo, P. I., Prospecting License, sod M. L., Mining Loasu*. 


H 
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DEBtmOT. 


Grantee. 


bhoy Ram]! A Co. 

(383) UCBBTB. P. S. £ot* 
wal and S. R. Naidu. 

(384) Bal Sahib Mathura 
Prasad and Motilal. 

(385) Mr. Wofiudeo Trim- 
bak Sboiidoy. 


Do> • (386) Mr. T. B. Kantharb Do. 

Db« . (387) Babu B. Nagannab Do. 

Naidu. 

Bo, . (388) Mr. W. T. Sheudoy Do. 


. (389) Mr. Byramjl Pcs- 

tonjl. 

, (300) Mr. W. T. Sheiidey, 

. (301) Mr. Lalbiharl 

Naraindas. 

. (302) The Central India 

Mining Co., Ltd. 

. (303) Mr. R. K. Kanga . 

. (304) Mr. W. T. Shendey 

. (305) Mr. Byramjl Pcs- 

tonjl. 

. (306) Diwao Bahadur 

Kasturobatid Duga. 

. (307) The Central India 

Mining Co., Kamptee. 

, '(398) Do. do. . 


(390) Mr. Byramjl Pea 
tonji of Raipur. 

(400) Mr. D. Laxmlna* 
rain. 


(401) Mr. 0. M. Prichard 


Rao. 

. (403) Mr. Shamjl Madho 

Ji* 

. (404) Mr. Byramjl Pes 

tonjl. 


Mineral. 

Manganese . 

« 

Do, 

• 

Do. 

• 

Do, 

• 

Do. 

■ 

Do. 

s 

Do. 

• 

Do. 

• 

Do. 

• 

Do. 

• 

Do. 

• 

Do. 

• 

■LfO. 

• 

Coal . 

* 

Manganese . 

• 

Do, 

• 

Do. 

• 

Do. 

t 

Do. 

a 

« 

Do. 

• 

Do. 

• 

Do. 

• 

Do. 

• 


Nature of 
grant. 


B. L. 
* 

P. 


£. L. 


E. L. 
E. L. 


E.L. 


Area in 
acres. 




10 

1,300 



Dateol 


meat. 


it-r.iiiiiiuiiw: 



316 
165 

. Not stated . 

253 

60 

57 

165 
' 3,043 


23rd Decern- i year, 
ber 1907. 


2Dd Septem* j)o. 

bor 1008. 

Sth Juno 1008 uo. 

mi July 1908 j)o. 

19th June Do 

1008. 

8th July 1008 I Do, 

14th July 1008 Do. 

16th March ' Do. 
1008. 

14th July 1008 Bo. 

13th May 1008 Do. 



16 th June 
1908. I 

1st September 
1008. 

25th May 1008 

30th June 
1008. 


17th Septem¬ 
ber 1008. 

17ih October 
1008. 

I 

Slst Dccem- , 
ber 1008. | 

8 th October 
1008. 

I 

18 th Novem- > 
her 1008. ! 

8 th Septem¬ 
ber 1908. 

28th Novem¬ 
ber 1008, 

2l8t October 
1008. 

2nd December 
1906. 


Do. 

Du. 

Do. 

Do. 

30 years. 

Do. 

lycar. 

Do. 

Do. 


B. L, denotes Exploring LleensOi P. L« Prospecting license, and M. L<, Mining Lease. 
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CENTRAL PROVINCES-cow<<i. 


DlBTRIOT. 

(Grantee. 

1 

' Mineral. 


Nature of 
grant. 

Area in 
acres. 

1 Date of 
commence¬ 
ment. 

Term. 

Bhandara . 

(405) Mr. Jagannath 
Ballabhram. 

Manganese « 

• 

P. L. 

1 

• 

136 

21st Decem¬ 
ber 1908. 

1 year. 

Do. . 

(400) Ur. Shamjl Uadho- 

Do. 

• 

P. L. 

4 

67 

21st October 
1008. 

Do. 

Do. 

(107) UesBrs. Lai Behari 
Naiayanriaa and Earn* 
charan Shaiiker Lai 
of Kamptce. 

Do. 

• 

P.L. 

ft 

66 

6th December 
1008. 

Do. 

Do, 

(408) Mr. Uambilaa Mur- 
lldhar. 

Do. 

• 

P. L. 

ft 

39 

6th November 
1808. 

Do. 

Do. 

(409) Lala Ganeah Prasad 
and Janki Prasad. 

Do. 

ft 

P. L. 

ft 

104 

19th Novem¬ 
ber 1908. 

Do. 

Do. 

(410) Messrs. B. B. B. 
Fouidai A Bros. 

Do. 

4 

P. L. 

ft 

81 

25tb Novem¬ 
ber 1908. 

Do. 

Do. 

(411) Ur. R. U. Richard¬ 
son. 

Do. 

• 

P. L. 

ft 

69 

7th November 
1008. 

Do. 

Do. 

(412) Mr. Rambilas Uur- 
ildbar. 

Do. 

ft 

P. L. 

ft 

30 

28th October 
1008. 

Do. 

Do. 

(413) Mr. Cooverji Bhoja, 
Calcutta. 

Do. 

• 

M.L. 

ft 

23 

6th October 
1008. 

3o yearr 

Do, 

(411) BaI Sahib Mathura 
Prasad and MotJlal. 

Do. 

ft 

M. L. 

ft 

34 

29tb Septem¬ 
ber 1908. 

Do. 

Do. . 

(415) Mr. P. Balkriahna 
Naidu. 

Do. 

ft 

P.L. 

ft 

275 

26th Novem¬ 
ber 1008 . 

1 year. 

• 

Do. 

(416) Mr. Eiialal Sukul . 

Do. 

ft 

F. L. 


00 

6tb November 
1008. 

Do. 

Do. 

(417) Messrs. Eassam- 
bhoy, Gopald-kSa and 
Mahadco Seth, Kamp¬ 
tce. 

Do. 

■ 

P. L. 

ft 

2U0 

8tb October 
1908. 

Do. 

Do. 

(418) Do. do. . 

Do. 

• 

P.L. 

ft 

31 

Do. 


Do. . 

(410) Do. do. . 

Do, 

■ 

P.L. 

ft 

8 

lOth October 
1908. 

Do. 

Do. 

(4^) Mr. Byramji Pes- 
tonjl. 

Do. 

• 

ft 

E. L. 

ft 

182 

24th October 
1008. 


Do. 

(421) Messrs. Martin A 
Co. 

All mlncrula 

1 

P. L. 

ft 

2,730 

25th Novem¬ 
ber 1908. 

Do. 

Do. 

(422) Messrs. Eassam- 
bhoy, Gopaidans and 
Mahadeo Seth. 

Manganese . 

ft 

P.L. 

. 1 

77 

16th October 
1906. 

Do. 

Do. 

(423) Do. do. . 

Do. 

• 

P.L. 

ft 

6 

6th October 
1908. 

Do. 

Do, . 

(424) Mr. P. Balkriahna 
Nitldu. 

Do. . 

• 

P. L. 

ft 

02 

4th November 
1908. 

Do. 

Do. . 

(426) Ur.Taiballi Eam- 
raddln. 

Do. 

■ 

E. L. 

ft 

i 

413 

ft 

drd December 
1008. 

Doi 


E. L. deDotefl Exploring License, F. T., FrcsrcctloglLIccnso, and M. L., Mining Trai>*c. 
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CENTRAL PROVINCES-conti. 


ZtlSIBIOT. 

Grantee. 

Mineral 

BUaspur 

(420) Mr. W.Thompson. 

Goal . 

Do. . 

(427) Hr. K. £. Eanga . 

Limestone . 

Do. . 

(428) Do. do. . 

Coal . 

Chanda 

(429) BCr. 0. Bama- 

swamy. 

Copper 

Do. . 

(430) Do. do. . 

Do. 

Chhindwars. 

(431) Seths Ramlal and 
Bukijial. 

Manganese . 

Do. . 

(482) ^a' «^ah‘b Mathura 
Pnsad and Motilal. 

Do. 

Do. . 

(433) Do. do. . 

Do. . . 

Do. . 

(434) Seths Bamlal and 
Sukhlal. 

Do. . 

Do. . 

(435) Uessia. V. D. Sal- 
pekor and Eartarbnx. 

Do. 

Do. . 

(438) Uf. B. H. Elchard- 
son. 

Do. . 

Do. . 

(437) Bai Sahib Mathura 
Prasad andMotthU. 

Do. 

Do. . 

(488) Messrs. Taraoha^ 
Bao and others. 

Do. 

Do. . 

(430) Bai Sahib Mathura 
Prasad and Motilal. 

Do. 

Do. , 

(440) Messrs. V. D. $al> 
pekar and Sartarbux. 

Do. . 

Do. , 

(441) Messrs.'lH. Terma 
and E.Lall. 

Do. . 

Do. . 

(442) Messrs, Wal¬ 

lace ACo. ’ 

Coal . 

Do. . 

(443) Messrs. H. Verma 
^andSanhalyalal. 

a 

Manganese. 

Do. , 

(444) Mr. Muhammad 
Akbar Khan and others. 

Do. 

Do. .» 

(446) TbeHon'bleMr.O. 
M. Chitnavls. 

Do. 

Do, . 

(446) Bai Sahib Mathura 
Prasad and Motilal. 

Do. 

Do. . 

(447) Beths Bamlal and 
Bnkh'al. 

Do. 


Nature of 
grant. 


B. L. 
B. L. 
B. L. 
P. 


Area In 
acres. 

Date of 
eommenoe- 
ment. 

Term. 

Not stated . 

15tli February 
1008. 

1 y a 

4,660 

2lBt Septem¬ 
ber 1008. 

e 

Jk 

6,837 

Do* 

DC 

87 

22nd Septem¬ 
ber 10U8. 

Do 

215 

Do. 

Do 

637 

3lBt Marh 
1908. 

Do. 

72 

18 h P<.'bruary 
1008. 

Do. 

63 

Slst March 
; 1008. 

Do. 

218 

1 

15th January 
1908. 

Do. 

276 

Dn. 

Do. 

519 

1 

30th March i 
1908. 

Do. 

178 

Slst March i 

1006. i 

1 

Do. 

365 

8th January 
1908. ; 

Do. 

06 

Slst March 
1008. 

Do. 

207 i 

Do. 

Do. 

1 

105 

Do. 

Do. 

486 

24th January 
1908. 

Do. 

127 

2l8t January 
1008. 

Do. 

175 * 

Slst March 
1908. 

Do. 

46 

Do. 

Do. 

18 

80th June 
1008. 

Do. 

476 

Do. 

Do. 


B? denotes Exploring Ucesse, P. L.^ Prospecting License, and V. L., Blping Leasct 
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CENTRAL PROVINCES-cowti. 


DmiBIOV. 

Grantee. 

MlneraL 

Nature of 
grant 

Area in 
acres. 

Date of 
commence- 
ment 

Term. 


(448) Ral 8 »hlb Mathura 
FwadandMotUal. 

Manganese. 

• 

M.L. 

61 

4th Hay 1908 

» 

30 years. 

Do. . 

(449) Sethfl Bamlal and 
BuUiUl. 

Do. 

• 

P.L. 

01 

SOtb '^ June 
1608. 

lyear. 

Do. 

;(460} Khan Bahadur All 
Baza Khan. 

Do. 

e 

P.L, 

96 

letAprU 1908 

Do. 

Do. . 

Do. . 

(451) Mr. H. D. Dadabhoy 

(468) The Upper Fench 
OoalGo.^ Ltd. 

Do.' 

Coal . 

• 

% 

P.L. 

M.L. 

644 

2,607 

30th June 
1608. 

lit May 1908 

Do. 

30 years. 

Do. 

(453) Measn. V. D. Salpe- 
kar and Kartarbux. 

Manganese . 

• 

P.L. 

410 

14tb August 
1908. 

lyear. 

Do. . 

(454) Messrs. Motllal, 
Jagazmath and Lakh- 
midland. 

Do. 

• 

P.L. 

277 

4th July 1908 

Do. 

Do. 

(465) Messrs. Mohammad 
Akbar AGo. 

. Do. 

s 

P.L. 

020 

6 th August 
1908. , 

Do.; 

Do. . 

(456) Mr. L. Orossmann. 

Coal . 

• 

P.L. 

7,013 

16th August 
1608. 

Do. 

Do, 

(467) Bai Sahib Mathura 
Prasad and Motllal. 

Manganese. 

4 

P.L. 

23 

15th July 1908 

Do. 

Do. . 

(468) Messrs. V. D. Sal- 
pekar and Kirtarbuz. 

Mica'. 

4 

P.% 

168 

14th August 
1906. 

Do 

Do. 

(458) Mr. W. Stolkart . 

Manganese . 

» 

P.L. 

200 

26tti Septem¬ 
ber 1908. 

Da 

Do. 

(400) Mr. D. K. Mltra . 

Coal . 

• 

P.L. ‘ . 

4^6 

30th Septem¬ 
ber 1908. 

Do. 

Do. 

(461) Bal Sahib Mathura 
Fnsad and Motllal. 

Do. . 

s 

P.L. 

433 

24th Septem¬ 
ber 1008. 

Do. 

Do. . 

(462) Mr. M. B. Dada- 
bboy. 

Do. . . 

4 

E. L.1 . 

2,026 

27th July 1608 

Do. 

Do. 

(463) The Hon’ble Mr. 0. 
M. C^tnavls. 

Manganese . 

9 

P.L. 

124 

5 th November 
1008. 

Do. 

Do. . 

(464) Messrs. Motllal, 
Jagannath and lakh- 
midland. 

Do. . 

• 

P.L. 

430 

9 tb December 
1908.J 

Do. 

Do. . 

(465) The Indian Manga¬ 
nese Mining Co. 

Do. 

9 

M.L. 

64 

6 th November 
1908. 

3 O years. 

Do. 

(466) Govind Bao Bajl 
Bm. 

Do. 

4 

P.L. 

20 

3rd November 
1908. 

lyear. 

Do. . 

Do. . 

(407) Mr. Oooverjl Bhoja 

(408) Messrs. Motllal, 
Jagannath and Lakh* 
miehand. 

Coal . 

Manganese . 

4 

5 

P.L. 

P.L. 

337 

65 

7th October 
1908. 

9th December 
1908. 

Do. 

Do. 

Do. . 

(466) Do, do. . 

Mica . 

• 

P.L. 

81 

Do. 

Do 


XU L< danotai Bsplorlng Llccniei F. L<> Froepcctpisg UceDBe, kzidM. MlDlDgLeue. 
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Records of the Geological Survey of India. [VoL. XXXVitl. 
CENTRAL PROVINCES-^owid. 


DIBTRIOI!. 

Grantee. 

Mineral. 

Ratare of 
grant 

Area in 
acres. 

Date of 
commence¬ 
ment 

Term. 

ChhltulwarA. 

(470) Mr. M. B. Dada- 
bboy. 

Coal . 

P.L. 

2,026 

5th December 
1008. 

1 year. 

Danioh 

(471) R. B. Damodhar 
Bao. 

AU minerals 

S. L. • 

61,760 

24t4i February 
1908. 

Do. 

Drue. 

(472) Dr. H. S. Gaur, 
Batanabaw & Ck». 

Lead, cine, alumi- 
idum, nianganeso 
and graphite. 

B. L. ■ 

1,317 

22iid July 

1008. 

Do. 

Do. 

(173) Mcstirfl. B. B. B. 
Fouzdar & Bros. 

Platinum, wol¬ 
fram, tin, baux¬ 
ite and man¬ 
ganese. 

P.L. 

84 

10th Novem¬ 
ber 1008. 

Do. 

HuBhangabad 

(474) Mr. B. L. Ral of 
Saugor. 

All minerals 

£.L. 

450 

I5tlt February 
1008. 

D^.. 

Jubbulpore. 

(475) Messrs. Olpherts <fe 
j Co., Murwira. 

Bed iron ore and 
manganese. 

P.L. 

00 

0 th March 
1008. 

Do. 

Do. 

(470) Babu £. Nagaunab 

1 Naldu. 

Blangaiiese . 

P.L. 

346 

lOth January 
1008. 

Do- 

Do. 

1 

(477) Messrs. Bum A Go. 
i>n 1 Mr. P. C. Dutt. 

1 

Gold, silver, lead, 
copper, arsenli;, 
Iron, manganese, 
limestone, tine, 
dolomite, barytes, 
tin and antimony. 

P.L. 

2,788 

lOth Septem- 
bor 1007. 

0 montli'<. 

Do. 

(478) Mr. Shirish Chander 
Roy Chaudiiry. 

Mangarioso and 
iron. 

£• ij. 

50 

28th February 
1008, 

1 year. 

Do. 

(470) B. B. Beharilal 
Khazanchl, Jubbulpore. 

Do. 

B. L. 

25 

1 

Blst March 
1008. 

Do. 

Do. 

(480) The Botiibay Min¬ 
ing and Prospectlft 
Syndicate, 

Soapstone, steatite, 
tale and asbestos. 

B. L. • 

4,451 

23rd March 
1908. 

Do. 

Do. « 

(481) Do. do. . 

Bauxite 


1,044 

1 st June 1008 

Do. 

Do. . 

(482) Messrs. Bum A (Jo. 
and Mr. F. C. Dutt. 

Soapstone, steatite 
and tal *. 

M.L 

280 

0th May 1008 

30 yoars^ 

Do. 

(483) Bao Bahadur Gan- 
pat Rao Gk)i)al Ohatatc. 

Manganese . 

P. L. 

124 

22 nd April 
1908. 

1 year. 

Do. 

(484) Mr. m! B. Chopra . 

Do. 

P. L 

220 

Ist June 1008 

Do. 

Do. 

(485) Mr. Shlrlsli Ohander 
Boy Ohoudhry. 

Manganese and 
iron. 

P. 1.. 

75 

6 th June 1008 

Da 

Do. 

(480) Messrs. C. Mac¬ 
donald A Co. 

Copper, lead, sil¬ 
ver, manancse, 
gold and smcr 

£• L. • 

5,843 * 

22nd April 
1008^ 

Do. 

Ob, . 

(487)'The Bombay Pros¬ 
pecting and Mining 
Syndlwtc. 

Bauxite, Ilthc- 
marge andchlDa 
clay. 

B.L. 

1,710 

Do. • 

Do. 

Da. . 

(488) Mr. J.W. A. Mac¬ 
donald. 

Bauxite and alu¬ 
minium. 

B.L. 

7,180 

2ard April 
1008. 

Dn. 


£. L. denutcfr Sjq)lorljig Llcomei P* L<| Proopectiug Llcuiiae, and U* £•! Mining Leue^ 
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CENTRAL PROVINCES—con<d. 


DISTBIOT. 

Grantee. 

Mineral. 

Ifatureof 

grant. 

Area in 
acres. 

Date of 
commence¬ 
ment. 

Term. 

Jabbulpore. 

(480) The Bombay Pros¬ 
pecting and Mining 
Syndicate. 

Steatite, talc ond 
soapstone. 

B.I. 

2,872 

9th May 1008 

lyear. 

Do. 

(400) Mr. Shirisb Chander 
Boy Chaudhury. 

Gold, silver, lead 
and copper. 

M.L, 

35 

14th July lOOC 

16 yearr. 

Do. . 

(401) Lain Oanesh Prasad^ 
Janki Prasad A Bros. 

Sliver, manganese, 
copper andiron. 

P.L. 

100 

15th Septem¬ 
ber 1008. 

1 year. 

Do. 

1 

(492) Meeets. H. F. Cook 
^ Sons, Murwara. 

Gold, silver, cop¬ 
per, lead, iron, 
red clay and 
manganese. 

P.L. 

72 

nth August 
1906. 

Do, 

Do, 

(403) Mr. Hlralal Snkul 

Manganese . 

P.L. 

49 

0th July 1008 

Do. 

Da 

(404) LaJa Uanesh Pra- 
sad, danki Prasad & 
Bros. 

Do. 

P.L. 

48 

15th Septem¬ 
ber 1008 . 

Da 

Do. 

(495) The Bombay Pros¬ 
pecting and Mining 
Syndicate, 

Gold, silver, cop¬ 
per, lead and 
coal. 

E.L. 

1,434 

14tli July lOOg 

Do. 

Do. 

(496) Do. do. . 

Gold, silver, cop¬ 
per, lead and 
platinum. 

E> L. • 

027 

Do. 

Da 

Do. . 

(407) Mr. P.i C. Dutt, 
Bar-at-Law. 

Gold, silver, cop¬ 
per and lead. 

E.L. 

1,687 

13th July 1008 

Da 

Do. 

(498) Do. do. . 

Bauxite . 

P.L. 

294 

2lBt June 
1008. 

Do. 

Do, 

(409) The Bombay Pros¬ 
pecting and Mining 
Syndicate. 

J>o. . , 

E* L> 

423 

• 

14th July 1906 

Do. 

1 

Do. 

(500) The Jubbulpore 
Bar Mining Association. 

Gold, silver, cop¬ 
per and lead. 

B.L. 

071 

Do. 


Do. . 

(601) The Bombay Pros- 
jKctlng and Mining 

1 SyiuUcato. 

Steatite , 

E.L. 

220 

28tb August 
1908. 

OtK 

Do. . 

(602) Seth Tohmusjl 
Cowasji, Murwara. 

Coal . . . 

E. L. • 

1,675 

0th December 
1008. 

Do. 

N'agpur 

(603) The Central Prov¬ 
inces Prospecting 

Syndicate, 

Manganese . 

P.L. 

34 

27th‘Fe bruary 
1008. 

D-v 

Do. 

(604) BIT. D. Laxml- 
narain of Karaptee. 

Do, 

P.L. 

410 

Idth January 
1008. 

Da 

Do. . 

(606) Mr.O.M, Prichard 

Do. 

P.L. 

a 

6th March 
1008. 

Do. 

Do. . 

(606)' Mr. J. Eelleiaehon. 

Iron, manganese, 
tin, copper, bis¬ 
muth a^ wol- 
ftam. 

P.L. 

161 

20th February 
1008. 

Da 


B. Lt denotes Exploring Llceowt V. "h,, frospcctlog Liconeci and H< L>) M'.iUng Lease. 
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Records of the Geological Survey of India. 

CENTRAL PBOVINCES-confci. 


[Voi. XXXVIII, 


DIST&IOT.I 

Grantee. 

BlinoraL 

Nature of 
grant. 

t- 

Area in 
acres. 

Date of 
commence¬ 
ment. 

Term. 

Ifagpur 


(607) The Central Prov¬ 
inces Prospecting 

. Syndicate. 

Manganese. 

1 
• • 

M.L, 

1 

10th February 
1008. 

30 yean. 



(608) ICr. Hiralal SnkalV 
< 

Do. 

• 

P.L. 

72 

13th January 
1908. 

lyear. 

Do. 

• 

,(609) Mr.CooverJlBhoJa 

Do. 

e 

P.L. 

71 

30th'January 
1008. 

Do. 

Do. 

- 

(510) Do. do. . 

Do. 

• 

P.L. 

786 

17th January 
1008. 

Do. 

Do.i 


(611) Mr. D. taxmi- 
Laralii. 

Do. 

• 

P.L. 

107 

28th March 
1008. 

Do. 

Do. 


(512) Mr. Bapojl Vishwa- 
nath Gandhi. 

Do. 

• 

P.L. 

14 

4th March 
1908. 

Do. 

Do.' 


(613) Messrs. B.' B. B. 
Pousdar A Bros. 

Do. 

• 

P.L. 

114 

3rd March 
1908. 

Do. 

Da 


(614) Messrs. Ksssam- 
bh^y BsmJI A Go. 

Do. 

• 

P.L. 

171 

6th March 
1908. 

Do. 

Do. 

• 

(616) The Central Prov¬ 
inces Prospecting 

Syndicate. 

Do. 

• 

M.L. 

1 

10th February 
1008. 

30 years. 

Do, 

• 

(616) Messrs. Jessop A 
Co. of Calcutta. 

Do. 

• 

P.L, 

12 

22Dd January 
1908. 

lyear. 

Do. 

« 

» 

(617) Messrs. CursetJl.A 
Co. 

Do. 


P.L. 

24 

3id March 
1908. 

Do. 

Do. 

• 

(618) Mr. Shamil Madho- 
Ji 

Do. 

a 

P.L. 

60 

28th March 
1908. 

Do. 

Do. 

e 

(510) Do. do. . 

Do. 

» 

P.L. 

386 

Do. 

Do. 

Do. 

f 

(620) Mr. M. Gupta 

Do. 


P.L. 

26 

0th March 
1006. 

Do. 

Do. 

k 

(621)?Mr. StmmjrMadho- 

Do. 

• 

P.L. 

185 

28Ui March 
1008. 

Do. 

Do. 

e 

(622)^ Mr. J. Kellerschon 

p 

Iron, manganese, 
tin, wolfram, bis¬ 
muth and copper. 

P.L. 

634 

26th February 
1908. 

Do. 

Do. 

■ 

(623) Lala B. Sltaram . 

Manganese . 

• 

P.L. 

40 

2Sth March 
1908. 

Do. 

Do. 

■ 

(624) Mr.ShamJtMadho- 

Do, 

• 

P.L. 

9(? 

Do. 

Do. 

Do. 

• 

(5^6) Do. do. . 

Do. . 

• 

P.L. 

80 

Do. 

Do. 

Do. 

e 

(626)*H^1 Sayed Golam 
Mustalia. 

Do. 

• 

P.L. 

64 

Do. 

Do. 

Do. 

• 

;(527) Mr. J. J. Velios . 

Do. 

e 

P.L. 

184 

29th February 
1006. 

Do. 

Do. 

• 

(628) Mr. 3. Kellerschon 

Do, 

• 

P.L. 

64 

26th February 
1008. 

Do. 


B. L. denotes Bxploring License, P. L., Proepecthift License, and U. L., Unlng Lease. 
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CENTRAL PROVINCES-confci. 


DIBIBIOI. 


Nagpni 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Gnntee. 


Mineral. 


(630) Babu E. Nagannah 
Naldu. 

, (631) BIr. Byram]! Fea- 

tonji. 

(532) Mr. Sham]l Madho- 
Ji* 

(633) MesarB. Kassam* 
bhoy Bamjl A Co. 

, (634) Do. do. . 



. (635) BabuG. Nagannah | 

Naldu. 

. (636) Messre. B. B. B. 

Fouzdar A Bros. 

. (537) Mr. Govlnd] Rao 

Baji Rao. 

. (538) Mr. Byrarn]! D. 

Doongajl. 

. (630) Do. do. . 

. (640) Do. do. . 

. (641) Do. do. . 

(642) Mr. Venkat Bao 
Nafk. 

(643) Messrs. Ramprasad 
and Laxmlnarain. 

, (644) Mt. M. B. Dada- 

bhoy. 

, (646) Hr. BladbulalDoo- 

SU. 

, (646) Mr.CooverJlBhoja 

. (647) Do. do. . 

(648) Mr. Rambllas Mor- 
Udhar. 

(640) Mr. D. lAxmlnaraln 

. (560) Do, do. . 

. (661) Do. do. . 

(662) Mesars. lAll Beharl 
Naraindas and Ram* 
ehaian Banker Lall. 


Nature of 
grant. 

Area in 
acres. 

Date of 
commence¬ 
ment. 

Term. 

P.L. 

27 

26tb February 
1008. 

1 year. 

P.L. 

19 

4th March 
1008. 

Do. 

E. L. • 

Entire Tillage 

26th February 
1908. 

Do. 

P.L. 

38 

17th January 
1008. 

Do. 

B. If. • 

Entire village 

SOth January 
1908. 

Do. 

B. L. • 

64 

6 th March 
1908. 

Do. 

E.L. 

62 

3rd March 
1908. 

Do. 

P.‘L. 

176 

Do. 

Do. 

E. L. 

301 

17th January 
1908. 

Do. 

B. L. . 

172 

22nd January 
1908. 

Do. 

K.'L. 

246 

Do, 

Do. 

E. L. 

579 

1 

Do. 

Do. 

E. L, 

i 20 

Do. 

Do. 

E.L. 

: 1,084 

1 

17th January 
1908. 

Do. 

P.L. 

: 121 

( 

9th March 
1008. 

Do. 

E. L. 

11 

1 

26th February 
1908. 

Do. 

P.L. 

1 

9tb*Janea908 

Do. 

P.L. 

26 

1 

ath'AprU 1908 

Do. 

P.L. 

113 

< 

Do. 

Do. 

P.L. 

1 

64 

1 

24th'‘’*JuiK 

1908. 

Do. 

P.L. 

! 630 

26th May 1908 

Do. 

P.L. 

1 46 

Do. 

Do. 

P.L. 

i 23 

Do. 

Do. 

P.L. 

' 306 

i 

1 20tti^June 
1906. 

Do. 


B. D. denotes Bzplorlng Llcomei L.* Frospecting Lliensoi and M. L.| Mining Lease* 
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Records of the Geological Survey of India. [VoL. XXXVIII. 
CENTRAL PROVINCES-cowirf. 


OI 8 TBIOT. 

Grantoe. 

1 

Mineral. 


Mature of 

1 grant. 

1 

1 

Area in- 
acres. 

Date of 
commonco- 
ment. 

Term. 

Ifagpur 

(663) Hesars. Lall Behari 
y raliulus anil Kam- 
charau >ank t Lall. 

Mangaue^e. 

• 

P. L. 


7 

4th March 
1008. 

1 year. 

Do. 

(551) Messrs. Eamprasad 
and Laxminarain. 

Do. 

• 

P.L. 

• 

648 

0th January 
1908. 

Do. 

Do. 

(555) Mr. G. M. iricliard 

Do. 

• 

£. L. 

• 

1,472 

Oth June 1008 

Do. 

Do. 

(556) Mr. MadhulalDoo- 
gar. 

Do. 

• 

F. L. 


701 

Do. 

Do. 

Do. 

(667) Do. d». . 

Do. 

» 

P. L. 


451 

Do. 

Do. 

Do. 

(568) Mr. J. Kcllerschon 

Do. . 

• 

P. L. 

• 

166 

18th May 1008 
1906. 

Do. 

Do. 

(56D) Mr. MadliuJal Doo- 
gor. 

Do. 

• 

P. L. 

• 

17 

0th June 1908 

Do. 

Do. 

(500) Mr. Coovcrjl Bhoja 

Do. 

• 

F. L. 

• 

333 

29th June 
1908. 

Do. 

Do. 

(561) Mr. Hiralal Sukul. 

Do. 

» 

F. L. 

• 

260 

16th April 
1008. 

Do. 

Do. 

(502) Babu E. Hagonnah 
Naida. 

Do. 

• 

P. L, 

• 

24 

28th June 
1908. 

Do. 

Do. 

(563) Messrs. Kassam- 
bhoy Bamjl A Co. 

Do. 

• 

P. L. 

• 

100 

19th Hay 1908 

Do. 

Do. 

(564) Mr. Atmaram Anto- 
ba Ealaz. 

Do. 

• 

P. L. 

• 

125 

18th Hay 1008 

Do. 

Do. 

(566) Blr.SbamjtMadho- 

Do. 

• 

P.L. 

■ 

153 

6 tb June 1908 

Do. 

Do. 

(566) Lala Mohanlal 
Ealar. 

Do. 

. 

P. L. 

• 

261 

26th May 1008 

Do. 

Do. 

(667) Do. do. . 

Do. 

• 

P. L. 

• 

248 

Do. 

Do. 

Do 

( 6 M) Mr. Hhauiji Madho- 

Do. 

• 

P. L. 

• 

208 

6 th June 1908 

Do, 

Do. 

(569) The Indian Manga¬ 
nese Go. * 

Do. 

• 

P. L. 

• 

138 

15th May 1008 

Do. 

Do. 

(570) Messrs. Kassam- 
bhoy A Co. 

Do. 

• 

P. L. 

• 

83 

19th May 1008 

Do. 

Do. 

(571) Babu E. Naganoah 
Kaldu. 

Do. 

• 

P.L. 


62 ^ 

29tti June 
1908. 

Do. 

Do. 

# 

(672) Mr. 0. F. Jaldeo 
Prasad. 

Do. . 

• 

P.I. 

• 

30 

2nd June 1908 

Do. 

Do. 

(578) M7. Byiamji Pes- 
tonil. 

Do. 

f 

P.L. 

• 

10 

2zid May 1008 

Do. 

Do. 

(674) Do. do. . 

Do. 

1 

E.L. 

• 

2.710 

2nd June 1008 

Do. 

Do, 

(675) [Messrs. Kassam- 
bhoy Eamjl A Go. 

Do. 

t 

E. L. 

■ 

864 

24th June 
1906. 

Do. 


L. dODOtoe Exploring licenw, P. ProepecUog License, nod M. L., Mining Lea^o. 
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^A&T, 1.] Holland : Mineral Production of India during 1908, 

CENTRAL PfiOVINCE8-con<d, 


DzsiaiOT. 

Qranteo. 

Mineral. 



Area in 
acres. 

Date of 
commence¬ 
ment. 

Term. 

Ifagpur 

• 

(576) Mr. Darasha Biau- 
dierjl. 

Manganeao 

ft 

ft 



170 

24th June 
1908. 

lyear. 

l)o. 

« 

(577) Babu K. Nagannah 
Nalda. 

Do. 

ft 

ft 


1 

57 

29Ui Juno 
1908. 

Do. 

i)o. 

• 

(678) BD.B.V.Qandhi . 

Do. 

• 

• 

B.L. 

« 

11 

14th October 
1907. 

Do. 

Du. 

• 

(579) Mdsars. Bamprasad 
and Laxminozaln. 

Do. 

ft 

ft 

P.L. 

ft 

121 

9th May 1908 

Do. 

Do. 

• 

(680) Mcturs. Kaiuam- 
bhoy Bamji A Co. 

Do. 

ft 

ft 

£. D. 

ft 

02 

28th October 
1007. 

Dp 

Do. 

f 

(681) Do. do. . 

Do. 

ft 

ft 

JB.D. 

ft 

207 

19th May 1908 

Dp. 

Do. 

r 

(582) Mr. Byrainjl Pes- 
(onji. 

Do. 

• 

■ 

P. L. 

ft 

209 

29th June 
1908. 

Do. 

Do. 

• 

(58;i) Mr. M. B. Oada- 
bhuy. 

Do. 

ft 

• 

P. L. 

ft 

38 

24th June 
1908. 

Do. 

Do. 

• 

(6S4) Mr. T. B. Kantha- 
ria. 

Do. 

ft 

ft 

P.L. 

• 

113 

let June 1008 

Do. 

Do. 

» 

(585) Mr. Byiamji D. 
Duungajl. 

Do. 

« 

ft 

P. L. 

ft 

42 

7th May 1908 

Do, 

Do. 

• 

(588) Mr. ByraraJl'Pcfl. 
tonji. 

Du. 

ft 

• 

B. L. 

ft 

501 

30th April 
1908. 

Do. 

Do. 

■ 

(687) Mr. T. D. Zal 

Do. 

ft 

• 

P. L. 


49 

2 lBt Eovem- 
berlOOa. 

Do. 

Do. 

• 

(588) Mr. T. B. Kantba- 
rla. 

Do. 

ft 

ft 

P.L. 

ft 

200 

9th May 1006 

Do. 

Du. 

« 

(589) Do. da . 

Do. 

ft 

ft 

£. L. 

• 

113 

30th April 
1908. 

Da 

Do. 

• 

(690) Lala Mohanlal 

Kalar. 

Do. 

ft 

ft 

P. L. 

ft 

251 

2nd May 1008 

Do* 

Do. 

• 

(591) Mr. Atinarum An- 
toba Kalar. 

Do. 

■ 

ft 

B. L. 

ft 

73 

lOth May 1908 

Do. 

Do. 

ft 

(502) Mr. T. D. Zal 

Do. 

ft 

t 

£. L. 

ft 

18 

28th March 
1008. 

Do. 

Do. 

ft 

(503) Mr. Byramji Pes- 
tonjl. 

Do. 

• 

ft 

K. L. 

• 

Entire village 

29th June 
1908. 

Do. 

Do. 

ft 

(504) Do. do. . 

Do. 

♦ 

ft 

B. L. 

ft 

Do. 

Do. 

Da 

Do. 

ft 

(605) Do. do. , 

Do. 

♦ 

• 

E. L. 

ft 

Do. 

Da 

Do. 

Do. 

ft 

(606) Do. do. 

Do. 

ft 

ft 

E.L. 

ft 

Do. 

Do. 

Da 

Do. 

ft 

(697) Do. do. . 

Do. 

• 

ft 

E.L. 

ft 

Do. 

Do. 

Da 

Do. 

ft 

(608) Do. do. . 

Do. 

ft 

ft 

K. L. 

ft 

Do. 

Do. 

Do. 

Do. 

ft 

(609) Do. do. 

Do. 

ft 

ft 

E. L. 

ft 

Do. 

Do. 

Do. 


12. L. deDote«Exploring LiccoM, F. L., Froepccting Llconw, (indU* L., Mining 
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CENTRAL PEOVINCES-confti. 


DIBTEIOT. 

Grantee. 

Mineral. 

1 

Nature ol 

1 grant. 

( 

1 

Area In 
acres. 

Date of 
commence¬ 
ment. 

Term. 

^agpur 

(flOO) Mr. Hyrdntjl Peg- 
toujL 

Manganese . 

Ie.i. 

Entire village 

20th June 
1908. 

lyear. 

Do. 

<601) Do. do. . 

Do. 

E. L. 

Do. 

2nd May 1008 

Do. 

Do. 

(002) The Mining Fius- 
pcctiug Syndicate. 

Do. 

E. L. . 

622 

8 th June 1008 

Do. 

Do. 

(603) Mr. T. B. Kantha- 
ria. 

Do, 

j E. L. • 

06 

30th April 
1006. 

Do 

Do. 

(604) Messrs, Umaralli 
Brothers. 

Do. 

E. D. . 

Entire village 

24th April 
1008. 

Do. 

Do. 

(600) Mr.HlralalSukul. 

Do. 

F.L. 

71 

7Ui July 1008 

Du. 

Do. 

(606) Messrs. KasBam- 
bhoy Ramji A Go. 

Do. 

P.L. 

64 

16th Septem¬ 
ber 1908. 

Do. 

Do. 

(607) Mr. Cooverji Bhoja 

Do. 

P.L. 

534 

0th July 1008 

Do. 

Do. 

(608) Mr. B. V. Kaoroy . 

Do. 

P.D. 

31 

5th August 
1008. 

Du. 

Do. 

(600) The Nagpur Man¬ 
ganese Mining Syndi¬ 
cate. 

Do. 

P.L. 

139 

Do. 

Do. 

Do. 

(610) Mr. Lalbeharl 
Naraindas. 

Do. 

P.L. 

246 

17th July 1008 

Do. 

Do. 

(611) Mr. Hanmant Bao 
Mohltey. 

Do. 

P.L. 

0'28 

Do. 

Do. 

Do. 

(612) Mr. Atmaram An- 
toba Ealar. 

Do. 

P.L. 

21 

2lBt January 
1008. 

Do. 

Do. 

(613) Mr. Oovindiao 
D^hmukh. 

Do. 

P.L. 

084 

23rd Septem¬ 
ber 1008. 

Do. 

Do. 

(614) Messrs. Bamprasad 
and Laxminarain. 

Do. 

P.L. 

215 

Do. 

Do. 

Do. 

1 

(615) Ur. Byramji Fes- 
tonJL 

Do. 

P.L. 

00 

2 Dd Septem¬ 
ber 1908. 

Do. 

Do. 

(616) Ur» Byiamjl D. 
Dmngajl 

Do. 

P.L. 

22 

23rd Septem¬ 
ber 1M8. 

Do. 

Do. 

(617) Mr. U. B. Dada- 
bhoy. 

Do. 

P.L. 

37 

16tb Septem¬ 
ber 1006. 

Do. 

Do. 

(618) Messrs. F. S. Kot- 
wal and S. B. Naldu. 

Do. 

P.L. 

61, 

6 th August 
1008. 

Do. 

Do. 

(610) Mr. ByiamJl Fea- 
toujl. 

Do. 

E.L. 

405 

2 nd Septem¬ 
ber 1006. 

Do. 

Do. 

(620) Mr. Darashaw Man- 
chetjL 


P.L. 

167 

21st Septem¬ 
ber 1008. 

Do. 

Do. 

(621) Mr.T.B. Eantba- 
ria. 

Do. * 

1 

P.L. 

85 

2lBt August 
1008. 

Do. 

Do. 

(622) Do. do. . 

Do. . 

P.L. 

880 

21st July 1008 

Do. 


S« L. denotes Exploring 14cense» T. L.| Prospecting Lloense, ud K> "Lu Mining 
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CENTRAL PROVINCES—corrfi. 


PXBIBIOI. 

Grantee. 

Mineral 

Nature of 
grant. 

Area in 
acres. 

Date of 
oommonco- 
ment 

Term. 

Kajpur 

(023) Mr. T. B. Kantha- 
rli. 

Miiogaiicse. 

P.L. 

100 

2lBt July 
1908. 

1 year. 

Do. 

(624) Mr. Bynmjl D. 
DuongajL 

Mloa . 

P.L. 

12 

17th August 
1008. 

Do. 

Do. 

(625) Do. do. . 

Manganese . 

P.L. 

172 

3rd July 1008 

Do. 

Do. 

(626) Hr. Byramji Pos- 
tonjl. 

Manganese, wol¬ 
fram, tin, etc. 

P.L. 

227 

2nd Septem- 
b'l 1908. 

Do. 

Do. 

(627) Do. do. . 

Do. 

E.L. 

Entire village 

Do. 

Do. 

Do. 

(628) Mr. Byramji D. 
Doongajl. 

Manganese . 

P.L. 

246 

7th August 
1908. 

Do. 

Do. 

(629) Do. do. . 

Do. 

P.L. 

570 

3id July 1008 

Do. 

Do. 

(630) Do. do. . 

Do. 

P.L. 

20 

Do. 

Do. 

Do. 

(631) Mr.T.B. Kantha- 
rla. 

Do. 

P.L. 

140 

24th August 
1908. 

Do. 

Do, 

(632) Mr. Atinaram An* 
toba Kalar. 

Do. 

P.L. 

168 

7th July 1008 

Do. 

Do. 

(633) Mir Aslam Ehan . 

Do. 

P.L. 

59 

24th August 
1008. 

Do. 

Do. 

(634) The Central India 
Miaing Co., ltd. 

Do. 

P. L. 

139 

16 th Septem¬ 
ber 1908. 

Do. 

Do, 

(635) Baba E. Nagannah 
Naldu. 

1 

Do. 

P.L. 

32 

2 l 8 t August 
1908. 

Do. 

Do. 

(636) Mr. Byramji D. 
Doongajl. 

1 AU minerals 

P.L. 

26 

4 

23rd Septem¬ 
ber 1908. 

Do. 

Do. 

(637) Mr. Byramji t'ca- 
tonjl. 

Mangancso . 

1 

P.L. 

Entire village 

2 nd Septem¬ 
ber 1908. 

Do. 

Do. 

(638) MeBBTK. P. S. Kot- 
wal and S. B. Naldu. 

Wolfram, tin, and 
molybdenum. 

£■ L. 

153 

17th July 1008 

Do. 

Do. 

(639) Mr. Hanmant Bao 
Mohltcy. 

Manganese . 

E. L. . 

101 

18 tb Septem¬ 
ber 1906. 

Do. 

Do. 

(640) The Ce ntral Prov¬ 
inces Prospecting 

Syndicate. 

Do. 

P.L. 

33 

24ih N" em¬ 
ber 1008. 

Do. 

Do. 

(641) Hr. B. H. Bichard- 
son. 

Do. 

P.L. 

84 

4th November 
1908. 

Do. 

Do. 

(642) The Central India 
Mining Co., Ltd. 

Do. 

M. L. 

25 

I2th October 
1908. 

SOyeari. 

Do. 

(643) Mr. D. Laxml- 
narain. 

Do. 

P.L. 

25 

2 l 8 t Decem¬ 
ber 1908. 

1 year. 

Do. 

(641) Do. do. . 

Do. 

M.L. 

75 

17th Decem¬ 
ber 1008. 

30 years. 

Do. 

lA 

(645) Messrs. Kassam- 
bhoy Kamjl AGo. 

Do. 

P.L. 

19 

7th Novem¬ 
ber 1908. 

lyear. 


B. 1^. deooMi Bxplorlsp Lleesw, P. ProipecUag Llceasej and U* L.| Vlning 
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CBNTEAL PROVINCES-cowid. 


DlSTBlOr. 

Uranteo. 

Mineral. 

Nature of 
grant. 

Area in 
acres. 

Date of 
commence¬ 
ment. 

Term. 


1 

{040) Babu HadJiulal 
Doogat. 

Maugan:\«c 

P. L. 

68 

4tli Novem¬ 
ber 1908. 

1 year. 

Do. 

■ 

(047) Mr. 0. P. Jaidco 
Prasad. 

Do. 

P.L. 

63 

14th Decem¬ 
ber 1008. 

Do. 

Do. 

f 

(048) Mr. Atmaraiu An- 
toba Milar. 

Do. 

P.L. 

73 

Do. 

Do. 

Do. 

• 

(049) Mesetrs. Kassam* 
bhoy Aamji <ft Co. 

Do. 

P.L. 

67 

23rd Decem¬ 
ber 1008. 

Do. 

Do. 

• 

(660) Mr. Byranijl 

Pi stonji. 

Di. 

P. L. 

16 

Do. 

Do. 

Do. 

■ 

(061) Do. (In. . 

D.i. . 

K. L. 

021 

D(». 

Do. 

Do. 

• 

(662) Mr. Byraniji D. 
Donngaji. 

All minerals 

P.L. 

588 

4th Novem¬ 
ber 1008. 

Do. 

Do. 

e 

(06.S) Mr. U. P. Jaidco 
Prasad. 

Manganese . 

P.L. 

30 

14th Decem¬ 
ber 1908. 

Do. 

Do. 

* 

(054) Mr. Byranijl D. 
D Kngajl. 

Do. 

P.L. 

7 

1 

1 

4th Novem¬ 
ber 1008. 

Do. 

Do. 

• 

(055) Messrs. Kossam- 
bhoy Hamjt & Co. 

Do. 

P.L. 

122 

7th Decem¬ 
ber 1908. 

Do. 

Do. 


(056) Mr. Byramji Fes* 
tonji. 

Do. 

P.L. 

35 I 

20th Decem¬ 
ber 1008. 

Do, 

Do. 

» 

(657) Do. do. , 

Do. 

B.L. 

533 

Do. 

Do. 

Do, 

• 

(058) Mr. AtmaramAn- 
toba Kalir. 

Do. 

P.L. 

.51 

14th Dccem- | 
ber 1908. , 

Do. 

Do. 

% 

(650) Tho Central India 
Mining Go., Ltd. 

Do. 

M. L. 

42 1 

10 th Novem- ' 
ber 1908. | 

30 years. 


9 

(060) Messrs. Eaisain< 
bhny Karaji A Co. 

Do. . 

P. L. 

112 

7th Decern- ' 
ber 1908. ' 

1 year. 

Do. 

• 

(661) Messrs. Martin & 
Co., Calcnlt‘<. 

Molybdenum, iron, 
tin, Wolfram and 
copper. 

P.L. 

• 

662 

14th October 
1008. 

Do. 

Do. 

9 

1 

(662) Mr. J. Eellerschon. 

Molbydenam, iron, 
tin, wolfram, 
copper and man* 
gancac. 

P.L. 

1 

85 

• 

1 

7th December ' 
1908. 

1 

Do. 

Do. 

. ! 

(606) Mr. Byramji D. 
Doongajl. 

Manganese . 

1 

P.L. 

10 

4th Novem- , 
ber 1908. { 

Do. 

Do. 

• 

(664) Mr. Darashaw Man- 
cherji Dungajl. 

Do. 

P.L. . ' 

08 

1 

Do, 

Do. 

Do. 

• 

(065) Messrs. P. S. Kot- 
wal and S. B. Naldu. 

Do. 

P.L. 

250 

24th Novem- : 

ber 1908. I 

1 

Do. 

Do. 

t 

• 

* 

1 

(660) Mr. M. B. Dada- 
bboy. 

Do. 

P.L. 

198 

1 

23rd Decern- | 
ber 1908. j 

Do. 


£. L. denotes Uzplorlng Licenset P. L.| Prospecting License, and M. L., Mining Lease. 
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CENTRAL PROVINCES-contrf. 


DISTRICT. 


^Agpur 


Do. 


Do. 


Do. 


Do. 


Do. 

Do. 


Do. 


Do. 

Do. 

Do, 

Do. 

Do. 


Do. 


Do. 

Do. 


Do. 


Do. 


Do. 


Do. 


Do. 


Do, 


% 


Grantee. 


(607) Mr. D. Laxini- 
narain. 

(608) Mr, D. Gmgadhat 
Bao. 


(609) Hr. Bambilae Hur- 
iidhar. 

(07U) Mr. Byramji Beg- 
tonjl. 

(071) BabuE. Nugannah 
Naldu. 

(672) Heggrs. Rampraaad 
and Laxminarain. 

(673) Mr. Bynuati Pea- 
toDji. 

(674) Mr. Qopal Sheoram 
Duwc. 

(676) Mr. Byramji Pcg- 
tonjl. 

(670) Do. do, . 

(677) Mcflgrs. Lalbehari 

NAr:indas A Rxnicharan 

Shankerlal. 


(078) Hr. Byramji Fee* 
tonjl. 

(679) Hr. Gopal Sheoram 
Dawo. 

(080) Heagra. E. K. Ghul- 
lancy A Song. 

(081) Hr. Byramji Fee- 
toojl. 

(682) The Central Prov¬ 
inces Prospecting 
Syndicate. 

(683) Hr. Byramji Pee- 
tooji. 

(684) Do. dn. . 

(685) Do. do. . 

(686) The Central India 
Mining Co.| Ltd. 

(667) The Nagpur Man¬ 
ganese MiiSng Syndi¬ 
cate. 

(688) Do. do. . 


1 

Mineral. 

Nature of 
grant. 

Area in 
acres. 

Date of 
commence- ' 
moot. 

Term. 

Manganese . 

• 

P. L. 

s 

137 

23rd Dreom* 
ber 1906. 

lycar. 

Do. 

f 

P. L. 

• 

302 

24th AprU 
1908. 

Do. 

Do. . 


P. L. 

• 

99 

24th Novem¬ 
ber 1908. 

Do. 

Do. 

. 

P. L. 

a 

,ts 

28rdDe*cin- 

borlOOS. 

Do. 

Do. 

• 

P.L. 

• 

29 

7th Decem* 
ber 1908. 

Do. 

Do. 

t 

P.L. 

• 

145 

I4th Decem¬ 
ber 1008. 

Do. 

Do. 

• 

£. L. 

, 

Entire village 

23rd Jdecem- 
ber 1008. 

Do. 

Do. 

• 

P. L. 

• 

20 

Utb Decern- 
ber 1908. 

Do. 

Manganese, wol¬ 
fram and copper. 

£. L. 

• 

762 

23rd Decem¬ 
ber 1008. 

Do. 

Do. 

• 

K.L. 

. 

1,149 

Do. 

Do. 

Manganese . 

■ 

P. L. 

• 

120 

7th Decem¬ 
ber 1908 

Do, 

Do, 

s 

E. L. 

■ 

93 

23rd Decem¬ 
ber 1908. 

Do. 

Do. . 

• 

E. L. 

• 

66 

14th Decem¬ 
ber 1908. 

Do. 

Do. 

• 

E. L. 


100 

24tli Novem¬ 
ber 1906. 

Do. 

Do. 


El L, 

a 

36.5 

23rd Decem¬ 
ber 1908. 

Do. 

Wolfram , 


E. L. 

• 

4.802 

7th Dccem* 
her 1908. 

Do. 

All minerals 

• 

E. L. 

• 

2,120 

23rd Decem¬ 
ber 1908. 

Do. 

Do. 

• 

B.L. 

• 

2,203 

Do. 

Do. 

Do. . 

• 

E. L. 

a 

148 

Do. 

Do. 

Blanganese. 

• 

P.L. 

a 

167 

14th October 
1908. 

Do. 

Do. 

a 

B.L, 

a 

8.5 

• 

7th December 
1908. 

Do. 

Do. 

a 

E. L. 

■ 

46 

14th {Do''em¬ 
ber 1006. 

Do. 


B. L. denotes Exploring License, F. L., Proapectlng Idccnse, and H. L.| Mining Lease. 
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CENTRAL PROVINCES-conii. 


DlSTBJOT. 

Grantee. 

Mineral* 

Nature of 
grant. 

Area in 
acres. 

Date of 
commence¬ 
ment. 

Term. 

ITagptir 

(680) Ur. Byramjl Fee- 
tonjl. 

Manganese 

B. D. 

276 

7th Decom* 
berl908. 

lyear. 

Balpui 

(600) Babu Batu Eriahna 
Gupta of Bllaepur. 

Graphite , 

E. D. . 

1,366 

23rd Decem¬ 
ber 1008. 

Do. 

Sangor 

(601) UeeuB. Kail Fn- 
eano Mukerjl and 
Bhagwandae Sirvaya. 

All minerals 

B. L. 

Not stated . 

1 

2l8t January 
1008. 

Da 

J>0. 

(602) Uesare. Ganpat Bao 
Shrlkhande, Gopal 

Bao and Bamkriehna 
Bao. 

Do. 

E.L. 

Do. 

23rd January 
1008. 

Do, 

• 

Do. 

(603) Ur. Aalmullah 
Khan» Malgusar and 
Honorary Magistrate, 
Sa gor. 

Do. 

E. Zj. 

Do. 

13th January 
1008. 

Do. 

Do. 

(604) Uessre. Dinanath 
B'relal and Laxman 
Bao. 

Do. 

B.L. 

33,151 

1 

1 

20th January 
1008. 

Do. 

f ■ 

Do. 

(605) Bhawanl Shanker 
Siikul of 8a-gor. 

Do. 

1 

B. L. 

Not stated . 

0th March 
1008. 

Do. 

Do. 

(606) Mesere. Qour A 
Sons. 

Do. 

B. Ii. . 

Do. 

lltb March 
19U8. 

Do. 

Do. 

(607) Ueesre. Kail Fra- 
san * Mukerjl and 
Bhagwandae Sirvaya, 
Flcaders. 

Do. 

■ 

373 

1 

3rd Apiil 1008 

.Do. 

Do, 

(608) Mr, Daiivdnr 

Bamchandra Shrl- 

khande. 

Dll. 

■ 

273 

Otli June 

1908. 

Do. 

1 

1 

Do. 

(600) B. B. Seth, Ballab- 
dasB and JiwandaBS. 

Copper, iron, load, 
etc. 


180 

23rd June 
1008. 

Do 

Do. 

(700) Bhawanl Shanker 
Sukul. 

Allminerale 

B. L, 

65,234 

Sth Hay 1008 

Do. 

Do. 

(701) Uahadeo Uukerji. 

Do. 

E. L. . 

119,667 

22nd May 1908 

Do. 

Do. 

(702) The Jitbbulporo 
Frosprctlng Syndlca o. 

Iron, coal, copper, 
graphite and 
mineral oil. 

P. L. 

1 

160 

14th July 1008 

Do. 

Do, 

(703) Mesgrti. Eall Fra- 
sano Mukerjl and 

1 Bhagwandae, Pleaders, 

! Saugor. 

1 

Iron, coal, copper, 
graphite ndueral 

P. L. . 

1 

179 « 

2nd Septem¬ 
ber 1008. 

Do. 


6 U,~ gold and 
sliver. 




Do. 

(704) Ganpat Bao Shrl- 
khande, r fired Kxtm 
Assistant Commissioner, 
Gopal Kao and Bam- 
kiis <n Bao, Pleaders, 
Saugor. 

Gold, silver, lead, 

0 'PP'r, 7inc, 
iron, tttl'’, pn*. 
f|''ns' sf.c'nse and 
mineral oil. 

P.L. 

168 

I2tb Novem¬ 
ber 2008. 

Do. 

SeoM 

; (705) Blr. Daraaha Mun- 
cherjt. 

Manganese 

P.L. 

36 

10th February 
1008. 

Do. 


B. L. denote! Exploring Uceuei P. ProipecUng Llceiuei and M* L., Mining liPBie, 
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CENTRAL PROVINCBS-<!onoW. 


( 

PmZBXOT. 

Grftntee. 

Mineral 

Batoreof 

grant 

Area In 
acres. 

Date of 
commence- 

Term. 





ment. 


8eonl 

• 

(706) Mr. Byromil Peo- 
toojl. 

Uaagaoeao. 

P.L, 

76 

26th February 
, 1008. 

1 your. 

Do. 

• 

(707) Dadu Tlahvanatii 
Singh ol Seonl. 

Do. 

P.L. 

60 

8th February 
1608. 

Do. 

Do. 

• 

(708) Do. do. , 

Do. 

P.D. 

117 

Do. 

1 Do. 

Do. 

• 

(700) Mesgrg. Qaurl Shan- 

Do. 

P.L. 

161 

Do. 

Do. 



har and Dadu Bakb- 
tavar Singh. 






Do. 

• 

(710) Do. do. . 

Do. 

P.L. 

363 

Do. 

Do. 

Do. 

• 

(711) Ur. Wamideo 
Trimbak. 

Do. 

P.L. 

186 

24th June 
1608. 

Do, 

Do. 

• 

(712) Dr. Gaur and 
UoBsrs. Batanaba and 

Do. . . 

E.L. 

2.684 

Otb April 1608 

Do. 



Pcstonjl. 






Do. 

• 

(713) Do. do. . 

Do. . . 

E.L. 

3,164 

7th May 1608 

Do. 

Do. 

• 

(714) Do. do. , 

Do. . . 

B.L. 

640 

Do. . 

Do. 

Do. 

• 

(716) Mr. Bambllas Mm- 
Iklhar. 

Do. . 

P.L. 

320 

28th August 

Do. 






1608. 


Do. 

• 

(716) Measn. Masam- 

Mica . 

P.L. 

750 





bhoy, Gopaidaaa and 






Hahadeo Soth. 



1 

20th Soptem- 

Do. 

Do. 

• 

(717) Do. do. 

Do. 

P.L. 

368 J 

ber 1008. 

Do. 

• 

(718) Babu Kiipashankf^r 

Manganese . 

b.l. 


6th Aumist 

Do. 

Do. 






1008. 


• 

(719) Mr. M. Btlla 

Uanraneae and 
wolfram. 

b.l. 

1,280 

6th July 1608 

Do. 

Do. 

• 

(720) Mr. KemJI . 

Do. 

B.L. 

1,600 

7th Jaly 1008 

Do. 

Do. 

♦ 

(781) Do. 

Do. 

B.L. 

1,280 

Do, 

Do. 

Do. 

• 

(722) Do. 

Do, 

E.L. 

1.020 

Do. 

Do, 

jTeotnuil 

« 

(723) McasTB. Parry A 
Go. of Madrai. 

Goal, 

M.L. 

660 'I 


Do. 

i 

(724) Do. do. . 

Do. 

U. L. . 

1,260 



Do. 

Do, 


(726) Do. do. . 

Do. 

M.L. 

800 y 

1 

12th Febru¬ 
ary 1008. 

30 yeais. 

• 

(728) Do. do. . 

Do. . . ! 

M.L. 




Do. 


(727) Do. do. . 

Do, 

U. L. 

1,280 



Do. 

• 

(788) Do. do. . 

Do. 

M.L. 

1,280 J 



Do. 

• 

(726) Do. do. . 

Do. 

P. L. 

1,420 

11th Deeem- 
ber 1008. 

1 year. 


D. t. daqata Exploring lloento. P. I,., ProrpocMiig Lice as o, and H. L., MlnlDg Icare. 
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EASTERN BENGAL AND ASSAM. 


District. 

I Grantee. 

! 

Mineral. 

1 Nature ol 

1 grant. 

1 

1 

Area in 
acres. 

Date of 
commence¬ 
ment. 

Term. 

Chittagong. 

< 1 

<730) Messrs, Turner, Mor* 

, rison A Co., Calcutta. I 

’ All minerals 

P.L. 

t 

2,675 

10th July 1008 

Renewed 
for 1 year. 

Qaro Hills . 

(731) The Hon'ble Mr. 
K. H. Henderson, C.I.B., 
Cachar. 

I 

Ckial . 

i 

P. L. 

i 

128,000 

2Sth August 
1008. 

lyear. 


MADRAS. 


Anantapur. 

(732) W. Stonor . 

Gold . 

P. L. 


6,369 

21st February 
1908. 

1 year. 

Do. 

(733) W. Stonor, Agent, 
A^ntapur Gold Fields, 
Ltd. 

Do. 

P. L. 

• 

246 

7th July 1908 

Do. 

Bollary 

(734) C. Jambon (aiiice 
transferred to the 
G 'neraJ Sandur Mining 
Co.). 

Manganese . 

M. L. 

a 

44’26 

15th June 
1908. 

30 years. 

Do. 

(735) F. E. Dunn, Ban¬ 
galore. 

Do. 

P. L. 

• 

310'09 

12th Decem¬ 
ber 1908. 

1 year. 

Cuddapah . 

(736) Iflhak Ifthinalc & 
Co. 

Gold, silver, 

copper, lead and 
mmeral oil. 

E. L. 

• 

Not given . 

9th January 
1908. 

Do. 

Do. 

(737) Messrs. King and 
Jossclyn, Ma<lra'<. 

Not stated . 

E.L. 

■ 

Do. 

3rd February 
1908. 

Do. 

Do. 

(73A) Sheik Mcera Sahib 
A Co. 

Manganese . 


• 

11,520 

October 1008 

Do. 

Do. 

(739) Dcvatl Chcnchitt , 

Mica . 

E. L. 


640 

Ist Decem¬ 
ber 1908. 

Do. 

Godavari . 

(740) S. D. Ware . 

All ininerafs 

E.L. 

a 

Not given . 

]0th March 
1008. 

Do. 

Do. 

(741) F.H.t)akley 

Do. 

E. L. 

• 

Do. 

24th Juno 
1908. 

Do. 

Do. 

(742) Mr. Bowden, on be¬ 
half of Mr. Oakley. 

Graphite . 

P. L. 

• 

2,500 

Do. 

Do. 

Do. 

(743) B.D.Ware . 

All minerals 

E.L. 

a 

Not given •. 

20 th October 
1908. 

Do. 

Do. 

(744) Do. 

Do. 

E. L. 

a 

Do. 

Do. 

Do. 

Do. 

(745) Mr. Bowden, on be¬ 
half of Mr. Oakley 

Graphite . 

P.L. 

• 

2,240 

23rd Decem¬ 
ber 1908. 

Do. 

Do. 

(746) Do. do. . 

Do. 

P.L. 

• 

2,560 

Do. 

Do. 

Guntur 

(747) P.W.Bhose 

Iron ore 

E. L, 

a 


Not stated . 

Do. 

Do. 

(748) Mr. S. Craw Shaw , 

Copper and pre¬ 
cious stones. 

P.L. 

• 

29*72 

Do. * 

Do. 


B. L. denotes Sxploiing License, F. L., Prospecting License, and M. L*i lining Lease. 
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MADRAS—conirf. 


BISTRIOT. 

Grantee. 

Mineral. ' 

1 

1 

Raturo of 
grant. 

Area in 
acres. 

Date of 
commence¬ 
ment. 

Term. 

SlBtnn 

(74P) Tile South Indian 
OmI Mining Syn^- 
cate. 

All minerals . ' 

f 

1 

£. li. • 

t 

In 124 villages 

2l(«t February 
1908. 

1 year. 

Kumool 

(750) A. Gbosc . 

Steatite 

P.L. 

161 

16th October 
1008. 

L'o. 

Do. 

(751) R. G. Dyrianathan 

Corundum . 

P.L. 

ia2i 

26th Rovem- 
ber 1008. 

Do. 

Nellore 

(762) 1. Fattabhiranii 
Seddi. 

Mica . 

P.L. 

i9'8U 

9th March 
1906. 

Do, 

Do. 

(753) K. Erlshnaswami 
Hudall. 

Do, 

P.L. 

11-43 

20 th Pebrnary 
1008. 

Do. 

Do. 

(754) X. lUmskrisnayya 
Chettl. 

All minerals 

K. 1.. 

All unoccQpIed 
reserved and 
unreserved 
lands. 

1 

20 th January 
1008. 

Do. 

Do. 

(755) K. Audinarayana 
Reddi. 

Do. 

E. L. 

Do. 

3]8t January 
1008. 

Do. 

Do. 

(766) 6. Vonkataaubba 
Rcddl. 

Do, • 

E, L. 

Do, 

0th March 
1008. 

Do. 

Do. 

(757) Muhaminad Uabi* 
bulla Sahib. 

Do. 

E. L. 

Do. 

loth March 
1008. 

Do. 

Do. 

(758) K. Ghiniila Venka- 
taaubbaya Chetti. 

Mica . 

H. L. 

(patta 

land) 

2‘70 

14th February 
1908. 

20 years. 

Do. 

(759) N. Xarayana Bsju . 

Do. 

M. L. 

75'53 

27th Novem¬ 
ber 1007. 

30 years. 

Do. 

(760) K. Guruawaml 

Soxnayajolu. 

Do. 

P.L. 

19*06 

20th January 
1006. 

1 year. 

Do. 

(761) P. Venkataram 
Raidu. 

Do. 

P.L. 

17*60 

31«<t January 
1908. 

6 months* 

Do. 

(762) R. Lakabminarasa 
Reddi. 

Do. 

P. L. 

13*03 

17th FobrU' 
ary 1008. 

1 year. 

Do. 

Do. 

(763) R. ObuU Roddl . 

(764) R. V. XuppuBwami 
Aiyar. 

Do. 

Do. 

P. L. 

E. L. ■ 

26*41 

* 

Air reserved 
and unreserv¬ 
ed onoccn- 
pied lands in 
Gov e r n- 
inent villages 

19th January 
1008. 

6 th January 
1008. 

Do. 

Do, 

Do. 

(766) A. Andlnaiayana 
Battudu. 

Do. . 

. ^ 

7Do. » 

9Do. 

E. L. 

Do. • 

Slst January 
1908. 

Do. 

Do. 

(766) B. Venkata Reddi. 

M. L. 

20*61 

2Sth May 1008 

80 years. 

Do. 

(767) U. Varada Reddi . 

M.L. 

4*46 

30th Derem- 
b?r 1907. 

3 years* 

Do. 

(768) E. Pancbalu Reddi 

u. . . 

M.L. 

177*80 

10th February 
1908. 

30 ycaiv. 


S. L. denotes Exploring Itlccnsei P. L., Prospecting I.lcetiee, and M* Ii>t Ulning lease* 
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MADRAS— ccruUd. 


Dibibzot. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area in 
acres. 

Bate of 
commence¬ 
ment. 

Term. 

Nt'Uora 

(760) B.PancbalaNaldu 

Mica . 

P.L. 

11‘80 

2lBt May 1008 

lyear. 

Bo. 

(77U) R. BangHBwaml 
Rao. 

Do. 

M.L. 

(extension) 

]35‘0O 

4th March 
1008. 

30 years. 

Do. 

(771) K. Erishnaewami 
Hudall. 

Bo. 

i 

P.L. 

lO'l 

7th May 1008 

1 year. 

Bo. 

(772) R. I^kshmlnarasa 
Boddi. 

Bo. 

H.L. 

5r45 

26th Juno 
1008. 

30 years. 

Bo. 

(773) B. Chenchuramiah 

Bo. 

P.L. 

lO'OO 

23rd Juno 1008 

1 year. 

Bfi, 

(774) OcorRo EIIrch 

All mlncralB 

B.L. 

Not stated 

4Ui May 1008 

Do. 

Bo. 

(775) E. Rangaawaml 
Rao. 

Mica . 

P. L. 
(renewal) 

10 

10th Hay 1008 

Bo. 

Bo. . 

(776) E. Panchalu Rcddl 

All intnorals 

K. L. . ! 

Nut stated 

27th May 1008 

Bo. 

Bo. 

(777) S. V. Subba Hao . 

Bo. 

E. L. 

Do, 

23rd June 1008 

Do. 

Bo. 

(778) E. Panchalu Rcddl 

Mica 

P.L. 

(converted 

toM.L.) 

144-60 

23id July 1008 

30 years. 

Bo. 

(770) p. Venkatarama 
Nayudu. 

\ 

Bo. 

M. L. 

(extension) 

80*44 

llth Septem¬ 
ber 1006. 

Bo. 

Bo. 

(78U) Kuhammnd Asad- 
uddin Ahmad Sahib. 

Do. 

M. lu 

40'67 

4tli August 
1008. 

20 years. 

Bo. 

(7B1) R. V. Euppuawami 
Alyar. 

Bo. 

M. L. 

(extension) 

31*80 

20th Septem¬ 
ber 1008. 

30 yours. 

Bo. 

(782) G. VenkatoBubba 
Reddi. 

Bo. 

M.L. 

/ 

104*37 

3rd July 1008 

Do. 

Bo. 

(783) K. Panchalu Redd! 

Bo. 

M.L. 

37*60 

16th July 1008 

Do. 

Bo. 

(764) A. Audlnarayana 
Mtudu. 

Bo. 

P.L. 

11*20 

nth July 1006 

1 year. 

Bo. 

(766) P. yenkatarama 
Nayudu. 

Bo. 

P. L. 

16*76 

20th Septem¬ 
ber 1008. 

Bo. 

Bo. 

(786) B. ChcDChuraTulab 

All mlneraH 

E.L. 

Not stated . 

4th Septem¬ 
ber 1908. 

Bo. 

Bo. 

(787) Hall Muhammad 
liabibulla Sahib. 

Mica . 

P.L. 

11*40 

14th Septem¬ 
ber 1008. 

Bo. 

Bo. 

(768) Bo. do, . 

D^ 

P.L. 

14*21 

2nd December 
1008. 

Bo. 

North Arvot 

(769) MeasTB. King and 
JoBBclyn for Mrs. 
Fuddephat. 

All minerals 

E.L. 

Whole district 

April 1008 . 

Do. 

Bo. . 

(700) iBhak Ismail A Co. 

Do. 

E.L. 

Bo. . 

Do, 

Bo. 

Bo. 

(701) CbtnnaUmbl Raja 
pemambet. 

Bo. 

E.L. 

Do. . 

Do. 

Bo. 

Sfllem 

(702) James 8hort 

Iron ore 

P.L. 

4^60*28 

17th Jane 
1006. 

Bo* 


E, L. deoot«8 Exploring Lfcense, P. L., Prospeotlng Ucenae, and M. L., Mining Lease. 
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11 ? 


MADRAS— cowdd. 


DXSXRIOT. 

Grantee. 

Mineral. 

Mature of 
grant 

1 

1 

Area in | 
acres. 

- Date of 
commence¬ 
ment 

Term. 

Salem 

(703) K. H. Velaaaml 
Chettl. 

Mica . 

S. L. 

1 

1 

UnaiBOBBod 
and assessed 
waste lands 
In BdapadL 

2Dd Septem¬ 
ber 1908. 

lyear. 





Omalur and 
JaUkanda- 
puram vil¬ 
lages. 



Do. 

(704) A. T. Tiruvengada- 
sami Modaliyar. 

Corundum . 

E.L. 

Assessed and i 
unassossed | 
waste lands i 
In the whole 1 
district. 

17th August 
1008. 

Do. 

Dti. 

(705) T. K. Venkatarainan 
Alyar. 

Mica . 

E.L. 

Do. 

1 

11th Septem¬ 
ber 1908. 

Do. 

Do. 

(7D6) Jamca Short 

Gold, galena, 11* 
xienlte, barytes, 
pyritce and other 
metallic orca. 

P.L. 

475 

14th Decem¬ 
ber 1908. 

Do. 

Do. 

(707) Do. 

Magnesite and 
cliromlto. 

P.L. 

1 

i 

1,705'00 

19th Hatch 
1908. 

Do. 

Do, 

(708) LeonTardival 

Do. 

P. L. 

1 

esroo 

12th October 
1908. 

Do. 

South Canara 

(709) S. E. Rego . 

Gold and silver . 

i P. L. 

82 

10th July 1008 

Do. 

Trichlnopoly 

(800) T. Lelahman 

Wolframite, tanta* 
lum and other 
allied mlneralB. 

j P. L. 

i 

370 

Bth May 1908 

Do. 

Do. 

(601) T. R. Tawker A 
Sona. 

plumbago, copper 
and other metal* 
lie ores. 

! P. L. 

572-40 

20th October 
1008. 

Do. 


NORTH-WEST FRONTIER PROVINCE. 

Abbottabad. 

(802)* Bai Sahib Saidar 
Rocha Ram A 

Sona, Contractoia, 
Abbottabad. 

Coal . 

p.*. 

i 

! 240 

i 

1 

i 

t 

['20th Jannaiy 

. 1008. 

» 

1 

1 

1 lyear. 

1 



PUNJAB. 


« 

b. « 

Atjtoek 

( 

(803) Lieutenant M. 
Snee, retired Bub* 
Bnglneer (M.W. 8.)of 
Port Haney, Brludk 
Columbia. 

Gold . 

P.L. 

53,760 

18th Novem¬ 
ber 1908. 

1 

6 years. 

1 


^ This licenie waa granted in 1907. 

B* 1/. deaotea Exploring Ucesw, F. L., Froapecting Lkonae, and M. 1 a., Hining X«aae. 
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PUNJAB— cot^. 


Distbiot. 

Grantee. 

Mineral. 

Nature’of 

grants 

Area in 
acres. 

Date of 
commence¬ 
ment. 

Term. 

Jbelnm 

(804) Lala Thakar Daa . 

Coal . 

P.L. 

283‘61 

14th February 
1008. 

1 year. 

Do. 

(805) Ishar Das, Con¬ 
tractor, Find Dadan 
Khan, 

Do. . 

P.L. 

141 

30th Hay 1008 

Do. 

Do. 

(806) Ii. Dala Shah and 
Karam Cband of Dal- 
wal. 

Do. . 

P. L. 

150 

1 

27th May 1008 

Do. 

Do, 

(807) Do. do. . 

Do. . 

P.L. 

200 ! 

Do. 

Do. 

Do. 

(808) The Punjab Coal 
Co. 

Do. . 

M.L. 

! 1,171 

1 

1 

I 20th Decem¬ 
ber 1005. 

1 

30 years. 

Mlanwall . | 

j 

(800) 3. Lachman Singh 

Do. . 

P. L. 

« 1 

4th April 1008 

1 year. 

Do. 

(810) Bliidra Ban, son of 
late La)a Thakar Dos. 

Do. . 

P.L. 

1,548 ; 

20th Septem¬ 
ber 1008 . 

Do. 

Do, 

(611) Do. do. . 

Do. . 

P.L. 

1,675 

23rd October 
1906, 

Do. 

Sbahpor 

It 

(612) Malik Mohan Singh 

Do. . , , 

P. L. 

1,085 

10th March 
1008. 

Do. 

Do. 

(813) Sujan Singh of Ha- 
dall. 

Do. . 

P.L. 

303 

i 

29th October 
1008. 

Do. 


UNITED PROVINCES. 


Almora 

(814) 3awal Sioghal 
Kheut Chasd, Lakhiui 
Cband and Abdur 
Bahira Shan. 

f 

Copper ore . 

1 

P. L. 

40 

Not staled . 

1 1 

1 i 

1 

1 year. 

Qarhwal 

. ‘ (815) Blr.ll.M.Na8h . 

Do. 

M.L. 

1,010 

' Ist October 
1908. 

30 years. 

Fhansl 

. (816) Srlsh Chander Roy, 

1 on behalf of the Pr(^ 

1 pecting Syndicate, 

Jubbttipore. 

Copper, lead, silver 
and gold. 

P.L. 

302 

. Ist July 1908 

1 

1 

1 

1 

1 ! 

1 year. 


^MARY. 


Fbovirois. 

Prospecting 

licenses. 

Exploring 
licenses. 0 

Mining 

leases. 

Total of each 
Province. 

Baluchistan . 

« • a • • 

2 

a a 

20 

22 

Bengal 

• « • • * 

20 

a a 

3 

23 

Bombay 

a • a • a 

47 

45 

a ■ 

92 

Burma 

a a • a a 

47 

16 

2 

64 

Central Provinces 

• ■ • • • 

347 

161 

30 

628 

Eastern Bengal and Assam 

2 

• • 

a a 

2 

Madias 

• a a a a 

30 

26 

14 

70 

North-West Frontier Province 

1 

• • 

a a 

1 

Punjab 

a a • • * 

10 

• a 

1 

11 

Doited Provinces 

a a » a a 

2 

• a 

1 

8 

Total for eseh kind and Grand Total, 1908 

508 

887 

71 

816 

Totak kr 2907 


369 

171 

61 

609 


B. L. denotes Biploiiog Llcenee, F. L.| FroepeeUng Lieesee, nnd M. L.) Mining Lenw. 
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CLASSIFICATION OF LICENSES AND LEASES. 

Table 10 . —Prospecting and Mining Licenses granted in Baluchistan during 1908. 




1008. 

Dzbtbiot. 


- - 

. 

1 

No. 

Aicft in acres. 

Mineral. 

Prospecting Licenses. 

Quctta-Fishin .... 

1 

160 

Goal. 

SibI. 

1 

910 

Cbromite. 

Total 

1 

2 

e « 



Mining Leases. 


Queita-Pishin .... 

2 

260 

Cliromitc. 

Do. .... 

8 

613' 95 

Coal. I 

Zhub. 

10 

2,510-820 

Ghiomtte. 

Total 

t 

20 ' 
1 

• • 


Table W .—Prospecting and Mining Licenses granted in Bengal during 1908. 


Prospecting Licenses. 

DarJooUng .... 

1 

*97 

Coal, copper, Iron and other ores. 

Haiarlbagh .... 

14 

‘2,320 

Mica. 

Singbhiim .... 

4 

4,588 

Hanganess. 

Do. . . . • 

1 

1,020 

Chromite. 

Total 

j 20 

• ■ 



Mining Leases. 


Qaya 


m 


Mica. 
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Table 12 .—Prospecting Licenses granted in Bondbay during 1908. 


Disibici. 


1908. 


- 

No. 

Arealnaoros. 

Mineral. 

Prospecting Licenses. 

Belgaam. 

1 

410 

Manganese. 

Bijapnr. 

1 

1.002 

Gold. 

Do. 

4 

2,241 

SCangancse. 

Do. 

1 

608 

Coal. 

Do. 

1 

1,436 

Asbestos. 

Dh&rv&r ..... 

2 

288 

Copper and lead. 

Do. ..... 

2 

1,647 

Manganese. 

Do.. 

4 

6,764 

Gold. 

Do. 

1 

1,347 

Gold, silver and other metals. 

Do. 

1 

378 

Gold and copper. 

Do. 

1 

808 

Lead. 

KAnara. 

1 

2,481 

Copper. 

Do. 

16 

41,722 

Manganese. 

Do. 

1 

2,037 

Manganese and mica. 

FAnch Mahals .... 

7 

4,012 

Manganese. 

t 

Do. 

2 

Not stated. 

Do. 

Batnagirl. 

1 

10 

Graphite. 

Total 

47 

t « 


Table IZ—Prospecting and Mining Licenses granted in §urma during 1908. 


Prospecting Licenses. 

Amherst 


300'14 

Antimony. 

Bhamo 


3,200 

Gold, silver, load and tin 

Eensada 


5.760 

Coal. 

Eyaukse 


1,280 

AH minerals. 

Uagve 


20,660-03 

Petroleam. 
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Table 13. Prospecting omA Mining Licenses granted in Burma during 

1908. 




Dibtbiot. 


Aren in acreN. 


Mineral. 


Prospecting Licenses— 


Manditlay 


Mergui 

Minbu 


Myingyan 


Northern Shan Sititcs 


P'tkukkii 
f’roinc . 

Southern Hhun States 


Tliaton 


Thayetuiyo 

Toungoo 

Yamethiii 


XoxaL 


m-s 

1,2S0 

6 S‘8;i 


Not statfii. 

2.560 

4,800 

2,880 

1,020 

2.785 

6,400 

6,400 


2.560 

8,220 

2,200 

4 , 00(1 


All mineraU 

Silver, lead, rinc ninl . 
Trou ore. 

Tin and wolfram. 

Petroleum. 


Coal aud mica, 
pctrolouin. 
fluid. 

Silver and lead. 

Antimony, tin, silver and allied metals. 
Copiier and associated minerals. 
Petroleum. 

Gold and tin. 

Silver, load and associated mlncra l^. 
Gold and silver. 

Silver and lead. 

Petroleum, 

All nirtals. 

GoUl, silver, lead, copper and tin. 


Mining Leases. 


Hongmlt State . 
Fakokktt ] 


5,760 


Gold. 

Petroleum. 


Total 
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Table I +.—Prospecting and Mining Lkemes granted in the Central Provinces 

during 1908, 


District. 


1908 . 


Arpa i« acres. 


Mineral. 


Prospecting Licenses. 


Bal-iglmt . 

• 

• 

« 

• 

09 

Do. 

• 

• 

• 

4 

Do. 

• 

• 

• 

t 

Befiil 

• 

• 

9 

. 5 

Do. 


• 

• 

1 

Do. 

• 

a 

• 

1 

Blisndara. 

• 

• 

• 

<’>8 

Do. 

4 

4 

4 

1 

Chanda 

• 

4 

4 

2 

Chhindnma 

« 

• 

« 

38 

Do. 

• 

• 

• 

■ 

Do. 

• 

• 

• 

.f 

Drug 

• 

4 

■ 

1 

Juhhnlpore 

« 

4 


. 5 

Do. 

• 

» 

■ 

k| 

4 ^ 

Do. 

• 

■ 

4 

•1 

Do. 

1 

• 

• 


Xngpnc . 

• 

» 

• 

J21 

Do. 

• 

• 

4 

3 

Do. 

• 

9 

4 

1 

Do. 

• 

• 

• 

»> 

• ^ 

Do. 

• 

• 

• 

2 

tiaugor 

■ 

• 

■ 

« 

2 

Do. 

• 

• 

• 

1 

Scont 

t 

4 

4 

8 

Do. 

• 

• 

• 

2 

Yeotmal . 

• 

4 

4 

. 1 


Total 


71 .'I 
8,639 
.i.vsns 

1,283 

298 

0,995 

2,731) 

252 

0,776 

14.55) 

240 

84 

1,000 

144 

1.338 

3,000 

17.452-28 

912 

12 

647 

014 

416 

677 

l,3.)n 

1,118 

1,420 


Mansaneae. 

Mm-ji. 

Bauxite. 

(Jra phite and corundum 
All minerals. 

Manganese. 

AU minerals. 

Copper. 

Manganese. 

Coal. 

Mica. 

Platinnin, wolfram, tin, etc. 
Manganese. ‘ 

Iron and manganese. 

Banxite. 

CfOld, silver, copper, lead, ete 
Mangonose. 

Tcon, luAnganeee, wolfram,"tin. etc. 
Mien. 

Molybdenum, wolfram, tin, etc. 

All minerals. 

Do. 

Iron, coal, copper, gold, Bllwr, etp< 
Manganese. 

Mica. 

Goal. 
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Table XL—Pmgecting and Mining Licenses granted in the CeMral Provinces during 

1908—conid. 


District. 

1 

1 

No. 

Area In acres. 

1008 . 

Mineral. 


Mining Leases. 


BalaRhat .... 

8 

1,440 

Manganese. 

Bhandara .... 

6 

585 

Do. 

Chhmdwara .... 

2 

125 

Do. 

Do. . , , . 

1 

2,607 

Coal. 

Jubbulpoio .... 

1 

289 

Steatite, talc and asbestos. 

Do. .... 

1 

35 

Cold, silver, lead and copjier. 

Nngpur . . . , 


144 

Manganese. 

ypotmal .... 

(1 

6,400 

Coal, 

Total 

30 

. 

■ • 



Table \b.^Prosperti)ig Licenses granted in Eastern Bengal and Assam, dttring 1908. 

Prospecting Licenses. 


Cliittagong 

• 

« • « 

1 

2,675 ' 

All minerals. 

Garo Hills 

• 

• • • 

Total 

1 

2 

126,000 
* 1 

1 

Coni. 


Table 16. —Prospecting and Mining Licenses granted in Madras during 1908, 

Prospecting Licenses, 


Anantapur .... 

2 

5,605 

Gold. 

Bcllary .... 

1 

i 310-09 

Manganese. 

Dodavarl . • , 

3 

, 7.360 

Graphite. 

Ountui. 

1 

j 20*72 1 

Copi)or and precious stoiie«. 

Kumool. 

1 

1 161 

1 

Steatite. 
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Table IW.—Prosfecti'ag and Minmj licenses granted in Madras during ISOS—cantd. 


District. 

1008. 

] 

No. Area in aoros. 

Prospecting Licenses— 

Mineral. 

contd. 

Kurnool. 

1 

16*21 

Ooruudum 

Nelloiu ..... 

14 

221*40 

Mica. 

Selrni. 

1 

4,369*28 

Iron ore. 

Do. • . . . • 

1 

475 

AU mlucralrt 

Do. • • . . ■ 

2 

2,330- 90 

Magnesite and (liromil.c. 

South Caiiara .... 

1 

82 

Gold and silver. 

Tricbiiioi)oly .... 

1 

370 

WoUraiu, tantalum, etc. 

Do. 

1 

572*40 

Plumbago, cupper and other metallic ores 

Total 

31) 

1 • • 



Mining Leases. 


BcUnry . 

1 

44*25 

M'tn^oese. 

Xellore. 

n 

1,021-50 

Mica. 


Total . j 14 ; .. [ 

Table 17. -Prospecting Licenses granted in the North-West Frontier Provime 

duriruj 1908. 

Prospecting Licenses. 

Abbo tnbad 240 ! Coal. 

Table l^. -Prospecting and Mining Licensee gra^Ued in the Pmj(d> during 1908, 

Prospecting Licenses. 


Attoclc . . . a . 

t 

1 

1 

53,700 

Gold.! 

Jhdmil. 

♦ 

1 

774*51 

Goal. 

Minnwiiti. 

3 

3,177 

Do. 

ShnhpuT . 

2 

1,008 

Doi 

Total 

10 

• • 
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Table IS,—Prospecting and Mining Licenses granted in the Punjab during 1908— 

contd. 




1908. 

D18TRI0T. 

i 

1 No. 

1 

Area in acn*B. | MiaiTal. 


Mining Leases. 

• 


• 

Jhelum. 

1 

1,171 Coal. 


Table 1 ^.—Prospecting atid Mining Licenses granted in the United Provinces during 

1908. 

Prospecting Licenses. 

Almom. I W Copper on'. 

Jhansl. 1 Copiier, lead, silver and gold. 

2 


Mining Leases. 



Table 20. Summary of Concessions granted in Government lands during the ten yems 

1899 to 1908. 


Ykae. 


1800 

• 

1900 

• 

lOUl 

• 

1002 

• 

ioo;i 

« 

1001 

• 

1005 

• 

1906 

» 


1907 

1908 


Mining and Pros¬ 
pecting Licenses. 

1 

Exploring Licenses.; 

Total- 

47 

1 

n 

60 

01 1 

9 

M 

72 

80 

1.5 

104 

80 

16 

105 

81 i 

16 

100 

125 

26 

151 

145 

14 

189 

211 , 

41 

252 

5.^9 

i 

61 

600 

570 

237 

816 


I 














CALCUTTA 

STTPEBINTENDSMT QOVERMMBNT FBINTINQ, INDIA 

8, HASTINGS STRKBT 



Pari i, —Rockfl of tho Lower Godavari. * Atgarh Sandstonoe ' aeat Cuttack. Fossil floras 
in India. New or rare mammals from the Siwaliks. Arvali series in NoTth-eastorn 
Rajputana. Borings for coal in India. Geolog>' of India. 

Part S. —^I'ertia^ ^ne and nndorlving rocks in North-west Punjab. Fossil floras in India. 
OiTatics in potwar. Coal explorations in Darjiling district. Limestones in neighbour¬ 
hood of Barakar. Forms of blowing-machine used by smiths of Upper Assam. 
Analyses of Raniganj coals. 

Part Geology of Mahanadi basin and its vicinity. Diamonds, gold, and load ores of 
Sombalpur district. *Eryon Comp. Barrovcnsis,’ McCoy, from Bripermatui group 
near Madras. Fossil floras in India. The Blaini group and * Central Gneiss * in 
Simla Himalayas. Tortiaries of North-West Piinjab. Genera Chceromeiyx hikI 
Khauatherium. 

VoL. XI, 1878. 

Part i.—Annual report for 1877. Geology of Upper Godavaii basin, between river 
Wardha and Godavari, near Sironcha. Geology of Kashmir, Kishtwar, and Pangi. 
Siwalik mammals. Paleontological relations of Gondwana system. ' Erratics in 
Punjab.* 

Part S. —Geology of Sind (second notice). Origin of Kuniaun lakes. Trip over Milam 
Pass, Kumaun. Mud volcanoes of Ramri and Cheduba. Mineral rosouiccs of Kamri, 
Cheduba and adjacent islands. 

Part S, —Gold industry in Wynaad. Upper Gondwana series in Trichinopoly and Nellore- 
Kistna districts. Senarmontito fi'om Sarawak.^ 

part —Geographical distribution of fossil organisms in India. Submerged forest on 
Bombay Island. 

VoL. XII, 1879. 

Part 7.—Annual report for 1878. Geology of Kashmir (third notice). Siwalik mammalia. 
Siwalik birds. Tour through Hangrang and Spiti. Mud eruption in Ramri Island 
(Arakan). Braunite, with Rhodonite, from Nagpur, Central Provinces. Palaeontologi¬ 
cal notes from Satpura coal-basin. Coal importations into India. 

Part 5.-—Mohnani coal-field. Pyroliirite with Psilomelano at Gosalpur, Jabalpur district. 
Geological reconnaissance from Indus at Kushalgarh to Kurram at Thai on Afghan 
frontier. Geology of Upper Punjab. 

^arf 5.—Geological features of northern Madura, Pudukota State, and southern parts 
*l’anjore and Trichinopo^ districts indudod within limits of sheet 80 of Indian Alh 
epetacoous fossils from Trichinopoly district, collected in 1877-78. Sphenophyllum ai 
other Equisetacem with reference to Indian form Trizygia Speciosa, Royle (Sphen 
phyllum Trizygia, Ung.). Mysoiin and Atacamite from Ncllore district. Corundu 
from Khasi Hills. Joga neighbourhood and old mines on Nerbudda. 

Part Attock Slates * and their probable geological position. Marginal bone of unde¬ 
scribed tortoise, from Upper Siwaliks, near Nila, in Potwar, Punjab. Geology of 
North Arcot district. Road section from Murree to Abbottabnd. 

VoL. XII I, 1B80. 

Part /.—Annual report for 1879. Geology of Upper Godavari basin in neighbourhood of 
Sironcha. Geology of Ladak and neighbouring districts. Teeth of fossil fishes from 
Ramri Island and Punjab, Fossil genera Noggerathia, Stbg., NoggerathiupBia, Fstm., 
and Rhiptozamites, Schmalh., in paIe«nzoic and secondary rocks of Europe, Asia, and 
Australia. Fossil plants fiom Katiywar, Shekh Budin, and Sirgujah. Volanic fou 
of eruption in Konkan. 

Part 5.—Geological notes. Palaeontological notes on lower trias of Himalayas. Artesian 
wells at Pondicherry, and possibility of finding sources of water-supply at Madras. 

Part 5.—Kumaun lakes, Celt of palaeolithic in Punjab. Paleontological notes from 
Karharbari and South Rewa coal-fields. Correlation of Gondwana norift with other 
floras. Arlesian wells at Pondicherry. Salt in Rajputana. Gas and mud eniptions 
on Arakan coast on 12th March 1879 and in Juno 184o. ^ 

Part —PleistocoQe deposits of Northern Punjab, and evidence they afford of extremu 
climate during portion of that period. Useful minerals of Arvali region. Correlati 
of Gondwana flora with that of Australia coal-bearing system. Reh or alkali so 
and saline well waters. Reh soils of Upper India. Naini Tal landslip, I8ih Soptej 
ber 1880. 

VoL. XIV, 1881. 

Part /.—Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbour¬ 
ing districts. Siwalik carnivora. Siwalik group of Sub-Himalayan region. South 
Rewah Gondwana basin. Ferrugjnoua beds associated with basaltio rocks of north 
eastern Ulster, in relation to Indian laterite. Rajmahal plants. Travelled blocks of 
the Punjab. Appendix to ‘ Palieontologieal notes on lower trias of Himalayas.* Mam 
malian fossils from Perim Island. 



Part iP,—-Nahan-Siwalik unconformity in North-Weatorn Himalaya. Gondwana verte- 
bratofl. Oeaiferous bods of Hundes in Tibet. Minins records and mining record office 
of Great Britain; and Goal and Metalliferous Mines Act of 1872 (England). Cobaltite 
and danaite from Khetri mines, Kajputana; with remarks on Jaiptnite (Byepoorite). 
Zinc-ore (Smithsonite and Blende) with barytes in Kamul district, Madras. Mud 
eruption in island of Chedoba. 

Part S. —Artesian borings in India. Oligoclase granite at Wangtu on Sutlej, North-West 
Himalayas. Fish-palate from SiwalikB. Palocontologioal notes from Hazaribagh and 
Lokardagga districts. Fossil carnivora from Siwalik hills. 

Part 4' —Unification of geological nomenclature and cartography. Geology of Arvali renon, 
central and eastern. Native antimony obtained^ at Pulo Obin, near Singapore. Tur- 
gite from Jaggiapett, Kistnab district, and zinc carbonate from Karnul, Madras. 
Section from Dalnousie to Panm, vid Sach Pass. South Bewab Gondwana basin. 
Submerged forest on Bombay Island. 

Vot. XV, 1882. 

Part U —Annual report for 1881. Geology of North-West Kashmir and Khagan. Qond- 
wana labyrinthodonts. Siwalik and Jamna mammals. Goolo^ of Dalhousio, North- 
Wttt Himalaya. Palm leaves from (tertiary] Murree and Aasauli beds^ in India. 
Iridosmine from Noa*Dihing river, Upper Assam, and Platinum from Chuiia Nagpur. 
On (1) copper mine near Yonm hill, Darjiling distrifit; (2) arsenical pyrites in same 
neighbourhood; (3) kaolin at Darjiling. Analyses of coal and fire-clay from Makum 
ooal-field, Upi>er Assam. Experiments on coal of Plnd Dadnn Khan, Salt-range, with 
reference to production of gas, made April 29th, 1881. Proceedings of International 
Congress of Bologna. 

Part Geology of Travancore State. WarkilU beds and r^ortcd associated deposits at 
Quilon, in Travancore. Siwalik and Narbada fossils. (Joal-bearing rocks of Upper 
Rer and IMand rivers in Western Chutia Nagpur. Pench river coal-field in Ghhind- 
wara district. Central Provinces. Borings for coal at Engscin, British Burma. Sap¬ 
phires in North-Western Himalaya. Eruption of mud volcanoes in Cheduba. 

Part y.—Coal of Mach (Much) in Bolan Pass, and of Sharigh on Harnai route between 
Sibi and Quetta. Crystals of stilbite from Western Ghats, Bomb^. Traps of Darang 
and Mandi in North-Western HLraalayas. Connexion between Hazara and Kashmir 
series. Umaria coal-field (South Rewah Gondwana basin). Daranggiri coal-field, 
Garo Hills, Assam. Coal in Myanoung division, Henzada district. 

Part 4 {out of print). —Gold-fields of Mysore. Borings for coal at Beddadanol, Godavari 
district, in 1874. Supposed occurrence of coal on Kistna. 

Vov XVI, 1883. 

Part /.—Annual report for 1882. Richihofenia, Kays (Anomia Lawrenciana, Koninck) 
Geology of South Travancore. Geology of Chamba. Basalts of Bombay, 

Part t .—Synopsis of fossil vertebrata of India, Bijori Labyrinthodont. Skull of Hippo- 
therium antilopinum. Iron ores, and subsidiary materials for manufacture of iron, in 
north-eastern part of Jabalpur district. Laterite and other manganese-ore occurring 
at Gosulpore, Jabalpur district. Umaria coal-field. 

Part S. —Microscopic structure of some Dalhousie rocks. Lavas of Aden. Probable occur¬ 
rence of Siwalik strata in China and Japan. Mastodon angustidens in India. Traverse 
between Almora and Mussooree. Cretaceous coal-measures at Borsora, in Khasi^ HiUs^ 
near Laour, in Sylhet. 

Part 4 . —Paheoutological noten from Daltonsanj and Hutar coal-fields in Chota Nagpur. 
Altered basalts of Dalhousie region in North-Western Himalayas. Microscopic struc¬ 
ture of some Sub-Himalayan rocks of tertiary age. Geology of Jaunsar and Lower 
Himalayas. Traverse through Eastern Khasia, Jaintia, and North Cachar HiUt- 
Naiive lead from Maulmain and chromite from the Andaman Islands. Fiery eruption 
from cue of mud voLanoes of Cheduba Island, Arakan, Irrigation fiom wells in 
North-Western Provinces and Oudh. 

VoL. XVII, 1884. 

Part L —Annual report for 1883. Smooth-water anchorages or mud-banks of Narrakal and 
AUeppy on Travancore coast. Billa Surgam and other caves in Kurnool district 
Geology of Choari and Sihunfin parganis of Chamba. Lyttonia, Waagen, in Ruling 
series of Kashmir. 

Part S. —Earthquake of 31st December 1881. Microscopic structure of some Himalayan 
granites and gneissose granites. Choi coal exploration, ^-discovery of fossils in 
biwalik beds. Mineral resources of the Andaman Islands in neighbourhood of Fori 
Blair. Int^rappoan beds in Deccan and Laramie group in Western Iforth America. 

10 



Part S (frtiB of print), —Microscopic structure of some Arvali rocks. Soction nlong Indus 
from Pesnawar Valley to Salt-range. Sites for boring In Raigarh-Hingir oonl-fielrt 
(first notice). Lignite near Raipore, Central Provinces. Turquoise mines of Nishipiir, 
Khora^n. Fiery eruption from Miub>in mud volcano of Uheduba Island, Arakan. 
Langrirn coal-field, South-Western Khasia Hills, Umacia coal-field. 

Port .^.-^eofcj^y of part of Crangasuian parg^a of British Garhwal. Slates and Bchists 
imbedded in gneissose granite of North^'est Himalayas. Geology oC Takbt-i-Sulei- 
man.^ Smooth-water anchorages of Travancore coast. Auriferous sands of the Suban- 
sin river. Pondicherry lignite, and phosphatic rocks at Mtisun. Billa Surgam caves. 

VOL. XVIII, 1885. 

Part f.'^Annual report for 1884. Country between Singareni coal-field aud iCiEina river, 
ecological bketch cf country between Singareni coal-field and Hyderabad. Coal and 
Umostouc ill Doiginng river nenr Golaghat, Assam, llomota^iis, sis from 

Indian formations. Afghan field notes. 

Part 5.—Fosailiferoos series in Lower Himalaya, Garhwal. Age of Mandbali series in 
Lower Himalaya. Siwalik camel (Camelus Antiquus, nobis ex Falc. and C/Uit. MS.). 
Geology of Chamba. Probability of obtaining water by means of artesian wells in 
plains of Upper India. Artedan sources in plains of upper India. Geology of Aka 
Hills. Alleged tendency of Arakan mud volcanoes to burst into eruption most 
frequently during rains. Analyses of phosphatic nodules and rock from Mussooree. 

Part —Geology of Andaman Islands. Third species of ^lerycopotamus. Percolation as 
alToftod by current. Pirtballa and Chandpur meteorites. Oil-wells and coal in 
Thayetmyo district, British Burma. Antimony deposits in Maulman district- Kash¬ 
mir earthquake of 30th May 1885. Bengal earthquake of 14th July 1885. 

Part ^.—Geological work in Chhattisgarh division of Central Provinces. Bengal earth" 
nunke of 14th July 1886. Kashmir earthquake of 30ih May 1885. Excavations in 
Billa Surgam caves. Nepaulite. Sabetmabet meteorite, 

VoL. XIX, 1886. 

Part 1, —Annual report for 1885. International Geological Congress of Berlin. Palseozoio 
Fo.ssils in Olive group of Salt-range. Correlation of Indian .ind Auhtraliau coal- 
bearing beds. Afghan and Porsinn Vield-notes. Section from Simla to Wangtu, and 
petrological character of Amphibolites and Quartz Diorites of Sutlej valley. 

Part ^.—Geology of paris of Bellar/and Anantapur districts. Geology of Upper Dehing 
basin in Siugpho Hills. ^Microscopic characters of eruptive rocks from Central Hima¬ 
layas. Mammalia of Karnul Caves. Prospects of finding coal in Western Kejputaoh. 
Olive group of Bait-range. Bouldor-beds of Salt-range. Gondwana Homotaxis. 

Part S. —Geological sketch of Vizagapatam district, Madr.is. Geology of Northern Jesal- 
mer. Microscopic structure of Malaini rocks of Arvali region. Malanjkhandi coppm- 
ora in Balaghat district, G. P. 

Pari 4 {aut of print). —Petroleum in India. Petroleum exploration at Khdtan. Boring in 
Chhattisgarh coal-fields. Field-notes from Afghanistan : No. 3, Turkisfan. Fiery 
eruption from ono of mud volcanoes of Cheduba Island, Arakan. Nanimianthal 
aerolite' Analysis of gold dust from Meza valley, Upper Burma. 


VoL. XX, 1887. 

Part /.—Annual repoit for 1886. Field-notes from Afghanistan : No. 4, from Turkistau 
to India. Physical geology of West British Garhwal j with notes on a route traversed 
through Jaunsar-Bawar and Tiri-Garhwal. Geology of Garo Hills. Indian image- 
stones. Soundings rece'iily taken off Barren Island and Narcondam. Talchir boulder- 
beds. Analysis of phosphatic Nodules from Salt-range, Punjab. 

Pflrf S .—Fossil vertebrata of India. Echinoidea of cretaceous series of Lower Narbadn. 
Valley. Field-notes : No. 5—to accompany geological sketch map of Afghanistan and 
North-Eastern Khorassan. Microscopic structure of Rajmahal and Deccan traps. 
Dolerite of Chor. Identity of Olive series in east with speckled sandstone in west of 
(Salt-range in Punjab. 

Part 5.—Retirement of Mr. Medlicott. J. B. Slusbketoff’s (leolo^ of Russian Tnrkistaji. 

Crystalline and metamorphio rooks of Lower Himalaya, Garhwal, and Kumaun, Sec¬ 
tion I. Geol(^y of Simla and Jutogh. * Lalitpnr * met^rite. 

Part A—Points in Himalayan geology. Crystalune and metamorphio rocks of Lower 
' Himalaya. Garhwal, and Kumann, Section 11. Iron industry of westein portion of 
B^pnr. Notes on Upper Burma. Boring exploration in Chhattisgarh coal-fields. 
(Second notice). Pressure Metamorphism, with reference to foliation of Himalayan 
Oneiasose Granite. Papers on Himalayan GOoIogy and Microacopio Petrology, 

11 



VoL. XXI, 1888. 

Part I.—Annual report for 1887. CryBtalline and meiomorphic rocka of Lower Himalaya^ 
Garhwal, and ICamann, Section III. Birde*-aeflt of ELephant Island, Mergul Ar<^« 
pelago. Exploration of Je&salmer, with a view to discovery of coal. Facetted i>ebbie 
from boulder bed (* speckled sandatone') of Mount Chel in Salt-range, Punjab. 
Nodular stones obtained off Colombo. 

Part S ,—^Award of Wollaston Gold Medal, Geological Society of London, 1888. Dharwar 
System in South India. Igneous rocks of Kaipur and Balaghat, Central Provinces. 
Sangar Marg and Mehowgale coal-fields, Kashmir. 

Part J.-^Manganese Iron and Manganese Ores of Jabalpur. * The Carboniferous Glacial 
Period.' Pre-tertiary sedimentaiy formations of Simla renon of Lower Himalayas. 

Part 4 ’—Indian fossil vertebrates. Geology of North-West Himalayas. Blown-sand rock 
sculpture. Nummulites in Zanskar. Mica traps from Barakar and Baniganj. 


VoL. XXII. 1889. 

Part 1 {out of print ),—Annual I’eport for 1888. Dharwar System in South India. Wajra 
Karur diamonds, and M. Chaper's alleged discovery of diamonds in pegmatite. 
Generic position of so-called "PlesiosouruB Indicus. Flexible sandstone or Itacoluniite, 
it« nature, mode of occuirence in India, and cause of its flexibility. Siwalik and 
Narbada Chelonia. 

Part y.-^Indian Steatite. Distorted pebbles in Siwalik conglomerate. * Carboniferous 
Glacial Period.' Oil-fields of Twingoung and Berne, Burma. Gypsum of Nehal Nadi, 
Kmnaun. Materials for pottery in neighbourhood of Jabalpur and Umaria. 

Part S .—Coal outcrops in Sharigh Valley, Baluchistan. Trilobites in Neobolus beds of 
Salt-range. Oeofomcal notes. Oherra Poonjee coal-field, in Khaaia Hills. Cobalti' 
ferous Matt from Nep^l. President of Geological Society of London on International 
Geological Congress of 1888. Tin-mining in Mergui district. 

Part 4 {out of print). —Land-tortoises of Siwaliks. Pelvis of a ruminant from Riwaliks. 
Assays from Sambhar Salt-Lake in Rajputana. Manganiforous iron and Maugiuiese 
Ores of Jabalpur. Palagonitc-bearing traps of Raimahal hills and Deccan. Tin¬ 
smelting in Malay Peninsula. Provisional Index of Ijocal Distribution of Important 
Minerals, Miscellaneous Minerals, Gem Stones and Quarry Stones in Indian Empire. 
Part 1. 


VoL. XXIII, 1890. 

Pari L-—Annual report for 1889. I^kadong coal-fields, Jaintia Hills. Pectoral and pelvic 
girdles and skull of Indian Dicynodonts. Vertebrate remains from Nagpur district 
(with description of fish-skull). Crystalline and metamorphic rocks of Ciwer Hima- 
kyas, Garhwal and Kiunuun, Section IV. Bivalves of Olive-group, Salt-range. 
Mud-banks of Travancore coasts. 

Part S .—Petroleum explorations in Hamai district, Baluchistan. Sapphire IVfinea of 
Kashmir. Supposed Matrix of Diamond at Wajra Karur, Madras. Sonapet Gold¬ 
field. Field notes from Shan Hills (Upper Burma). +ew species of S^ingoBpha?rid3e 

Part y.—Geology and Economic Resources of Country adjoining Sind-Pishin Railway 
between Sharigh and Snintangi, and of country between it and Khattaa. Journey 
through India in 1888-89, by l)r. Johannes Wafther. Coal-fields of Lairungao, Mao- 
sandram, and Mao-belar-kar, in the Khasi Hills. Indian Steatite. Pl^^visionai Index 
of Local Distribution of Important Minerals, Miscellaneous Minerals, Gem Stones, and 
Quan^ Stones in Indian Empire* 

Part rGeological sketch of Nairn Tal; with remarks on natural conditions governing 
mountain slopes. Fossil Indian Bird Bones. Darjiling Coid between Lisn add 
Ramthi rivers. Basic Eruptive Rocks of Kadapah Area. Deep Boring at Luidcnow. 
Coal Seam of Dore Ravine, Hasara. 


VoL. XXIV, 189L 

Part 2 ,—^Annual report for 1890. Geology of Salt-range of Punjab, with re-emtsidered 
theory of Origm and Age of Salt-Mart. Graphite in decomposed Gneiss {Laterite} m 
Ceylon. Olacien of Kabru, Pandim, etc. Suts of Sambhar Lkke {n Bajpntana, and 
* Reh ’ from Aligarh in North-Western Provinces. Analysis of D^omito from Balt- 
range, Punjab. 

Part near Moghal Kot, in Sherdni oountr}^ Snleknaa Hills* Mineral Oil ittm 

Suleiman Hills. Geology of Lusha! Hills. Coal-fields in Northem SHen StatM. 
Reported Namsbka Ruby-mifie in Maanglfin State. TonrmaUfie (Schorl) Mines in 
Maingldn State. Salt-spring near Bawgyo, Thibaw State. 
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I*art S *—Boring in Baltongunj Co&l-field, Pklnmow. Death of Dr. P. Martin Dnnoan. 

Pyrozenio varieties of Gneiss and Scapolite-bearing Bocks. 

Patt ^.'^'Maminalian Bones from Mongolia. Darjiling Coal Exploration. Geology and 
Mineral BesourceB of Sikkim. Bocks from the Salt-range, Punjob, 

VoL. XXV, 1892. 

Part 7.—Annual report for 1891. Geology of Thai Ghoti411 and part of Mari country. 
Petrological Notes on Bonlder-bed or 8alt-rana^, Punjab, Sub*recent and Becent 
Deposits of valley plains of Quetta, Pishin, and Dasht-i-Bedaolat; with appendices on 
Chamans of Quetta; and Artesian water-supply of Quetta and Pishin. 

Part S (out of print), —Geol^y of Saf^d Kdh. Jherria CoahBeld. 

Part S ,—^Locality of Indian Tscheffkinite. Geological Sketch of country north of Bhamo. 
Economic resources of Amber and Jade mines area in Upper Burma. Iron-ores and 
Iron Industries of Salem District. Biebecklte in India. Coal on Great Tenasserim 
Biver, Lower Burma. . 

Part Springs at Moghal Kot in Shirani Hills. Mineral Oil from Suleiman Hills. 

New A^berdike Resin m Burma. Triossic Deposits of Salt-range. 

VoL. XXVI, 1893. 

Part /.—Annual report for 1892. Central Himalayas. Jadeite in Upper Burmu.^ Bur- 

mite, new FoBsil Besin from Upper Burma. Prospecting Operations, Mergui District, 
1891-92. 

Part S .—Earthquake in Baluchistan on 20th December 1892. Bunnite, new ember-like 
fossil resin from Upper Burma. Alluvial deposits and Subterranean water-supply of 
Rangoon. 

Part J.-^eology of Sherani Hills. Carboniferous Fossils from Tenasserim. Boring at 
Chandernagore. Granite in Tavoy and Mergui. 

Part A. —Geology of country between Chappar iSft and Harnai in Baluchistdn. Geology 
01 part of Tenasserim volley with special reference to Tendau-Xamapying Coal-fteld. 
Magnetite containing Manganese and Alumina. Hislopite, 

Vot. XXVII, 1894. 

Part 1. —Annual report for 1893. Bhaganwala Coal-field, Salt-range, Punjab. 

Part f.—Petroleum from Burma. Bingareni Coal-field, Hyderabad (Deccan). Gohna 
Landslip, Garhwal. 

Part $, —Cambrian FormaUon of Eastern Salt-range. Giridih (Earharbari) Coal-fields. 
Chipped (?) Flints In Uppe^ Miocene of Burma.^ Velaies ^hmideliana, Ohemn., and 
Provektes grandis. Sow. sp. 2 in Tertiary Formation of India and Burma. 

Part 4 >—Geology of Wuntho in Upper Burma. Echinoids from Upper Cretaoeons System 
of Baluchistan. Highly Phosimatic Mica Peridotites intrusive in T^ower Qonawana 
Rocks of Bengal. Mica-Hyperstbene-Homblende-Peridotite In Bengal. 

VoL. XXVIII, 1896. 

Part 1 .—Annual report for 1894. Ci'etaccoua Formation of Pondicherry. Early allusion 
to Barren Iriand. Bibliography of Barren Island and Narcondam from 1684 to 1804. 
Part S ,—Cretaceous Bocks of Southern India and geographical condiitons during later 
cretaceous times. Experimental Boring for Petroleum at Sukkur from October 1895 

to March 1895. Tertiary system in Burma. 

Part 3, —Jadeite and other rocks, from Tammaw in Upjicr Burma. Geology of Toehi 
Valley. Lower Oondwanas in Argentina. 

Part L —Igneous Rocks of Giridih (^urburbaree) Coal-field and their Contact Effects. 
Vindhyan system south of Sone and their relation to so-called Lower Vindhyans. 
Lower Vindhyan area of Sone Valley. Tertiary system in Burma. 

Vot. XXIX, 1S96. 

Part 1. —Annual report for 1895. Acicular inriusions in Indian Garnets. Origitx and 
GrowHi of Garnets and of their Mioropegmatitic intergrowths in Pyroxenic rocks. 

Part Xiltra-basio rocks and derived minerals of Chalk (Magnesite) hills/ and other 
localities near Salem, Madras. Corundum localities in Salem and Coimbatore districts, 
Madras, Corundum and Xyanite in Manbhum district, Bengal. Ancient Geography 
of **Goitdwaaaland.** Notes* 

Part it-^Igneous Bocks from the Tochi Valley. Notes. 

Part il.-^teatite mines, Minhu distoict, Burma. Lower Vindhyan (Sub-Kaimar) area of 
Sone Valley, Bewah. Notes, 
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VoL. XXX, 1897. 

Part J .—Annual report for 1896. Norite and associated Basio Dykes and Lava-flowB int 
Southern India. Genus Yertebraria. On. Glossopteris and Vertebraria. 

Part S .—Cretaceous Deposits of Pondicherri. Notes. 

Part S .—Flow structure in igneous dyke. Olivine-norite dykes at Coouoor. Excavations 
for corundum near Falakod» Salem Disiric.t. Occurrence of coal at Palana in Bikanir. 
Geological specimens collected by Afghan-Baluch Boundary Commission of 1896. 

Part —Nemalite from Afghanistan. Quartz-barytes rock in Salem District, Madras 
Presidency. Worn femur of Hippopotamus irravadicus, Caut. and Falc., from Lower 
Pliocene of Burma. Supposed coal at Jaintia, Baxa Duars. Percussion Figures on 
micas. Notes. 

VoL. XXXI, 1904. 

Part 1 (out of print), —Prefatory Notice. Copper-ore near Komai, Darjeeling district. 
Zewan beds in Vihi district, Kashmir. Coal deposits of Isa Khel. Mianwali district, 
Punjab. Um-Uileng coal-beds, Assam. Sapphirine-bearing ro<’k from Vizagapatam 
district. IViisc.ellaiieoua Notes. Assays. 

Part S (out of print). —Lt.-Gonl. C. A. McMahon. Cyclobus Haydeni Diener. Auriferoua 
Occurrences of Chota Nagpur, Bengal. On the fe-isibility of introducing mod*irn 
methods of Coke-making at East Indian Railway Collieries, with supplemental y note 
by Director, Geological Survey of India. Miscellaneous Notes. 

Part S (out of prin/-).—Tipper Pal.'cozoic formations of ICuraaia. Glaciation and History 
of Sind Valley, JIalontes in Trias of Baluchisbin. Geology and Mineral Resources 
of Mayurbhanj. Miscellaneous Notes. 

Pari (out of priuO'-^oology of Upper Assam. Auriferous Occurrences of Assam. 
Curious occurrence of Scapohte from Madras Presidency. Miscellaneous Notes. Index. 

VoL. XXXII, 1905. 

Part 1 (out of print). —Review of Mineral Production of India during 1808—1903. 

Part ft [out of print),—General report, April 1903 to December 1904. Geology of Pro¬ 
vinces of Tsang and C in Tibet. Bauxite in India. Miscellaneous Notes. 

Part S {out of print), —Anthvacolithic Fauna from Sobansri Gorge, Assam. Elophas 
Antiquus (Namadicusj in Godavari Alluvium. Triassic Fauna of Tropites lumestone 
of Byans. Amblygonite in Kashmir. Miscjellaneoua Notes. 

Part A—^Obituary notices of H. B. Medllcott nnd W. T. Blanford. Kangra Earthquake 
of 4th April 1905. Index to Volume XXXII. 

Voi,. XXXIII, 1906, 

Part J (out of prm/.).—jMineral Production of India during 1904. Pleistocene Movement in 
Indian Peninsula. Recent Changes in Course of Nam-tu Kiver. Northern Shan States. 
Natural Bridge in Gokteik Gorge. Geology and Mineral Resources of Namaul Dis¬ 
trict (Patiala State). Misoellanooua Notes. 

Part S (out of print). —General report for 1905. Lasliio Coal-field, Northern Shan States. 
Namma, Mansang and Man-se-le Coalfields, Northern Shan States, Burma. Mis- 
coilancous Notes. • 

Part $ (out. of prints. —Petrology and Manganese-ore Doposits of Sauaar Tahsil, Chhind- 
wara distriH, Central Provinces. Geology of part of valley of Kqphan River in 
Nagpur and (Ihhindwara districts, Central Provinces. Manganito froni Sandur Hills. 
Miscollaneous Notes. 

Part k it>ut of print). —Composition and Quality of Indian Coals. Glassification of the 
Vindhyan System. Geology of State of Panna with reference to the Diamond¬ 
bearing Deposits. Index to Voiome XXXIXI. 

VOL, XXXIV, 1906, 

Part 1 ,—^Fossils from Halorites Limestone of Bambanag Cliff, Knmaon. Upper* Triassio 
Fauna from Pishin District, Baluchistan. Geology of portion of Bhutan. Cool Occur¬ 
rences in Foot-hills of Bhutan. Dandli Coal-field : Coal outcrops in Kotli Tebsil of 
Jammu State. Miscellaneoua Notes. 

Part S (out of print). —Mineral Production of India during 1905, Nummulites ,Doavil2ei, 
with remarks on Zonal Distribution of Indian Nummnlitcs. Auriferous Tracts in 
Southern India. Abandonment of Collieries at Warora, Central Provinces^ Mis¬ 
cellaneous Notes. 

Part S. —Explosion Craters in Lower Chindwin district, Burma. Lavas of Pavaf^d HilL 
Qibbsite with Manganese-ore from Talevadi, Belgaum district, and Gibbsite from 
Bhekowli, Satara District. Classifiontion of Tertiary System in Sind with reference 
to Zonal distribution of Eocene Echinoidea. 



Part ^ [out of print). —Jaipar and Nizira Coal fiQldB, Upper Assain. Makum Coal-fields 
between Tirap and Namdang Streams, l^bat Anticline, near Seiktoin, Myingyaa 
district, Upper Burma. Asymmetry of Venangyat-Singu Anticline, Upper Burma. 
Northern part of Gwegyo Anticline, Myingyan District, Upper Burma. Breynia 
Multitubercuiata, from Nari of Balucbistan and Sind, index to Volume XXXIV. 

VoL. XXXV, 1907. 

Pari 1 {out of irrint), —General report for 1906. Orihopbragmina and Lepidocyclina in 
Nummulitic Series. Meteoric Shower of 22ad October 1003 at Dokichi and neighbour* 
hood, Dacca District. 

Part t. —Indian Aerolites. Brine^'wells at Bawgyo, Northern Shan States. Gold-bearing 
Deposits of Loi Twang, Shan States. Pbysa Prinseini in Maestrichtian strata oi 
Baluchistan. Miscellaneons Notes. 

Part S. —^Preliminary survey of certain Glaciers in North-West Himalaya. A.—Notes on 
certain Glaciers in North-West Kashmir. 

Part .^.—Preliminary survey of certain Glaciers in North-West Himalaya. B.-—Notes on 
certain Glaciers in Lahaul. G.—Notes on certain Glaciers in Kumaon. Index to 
Volume XXXV. 

VoP- XXXVI, 1907-08. 

Part 1. —Petrological Study of Rocks from hill tracts, Vizagapatam district, Madras 
Presidency. Ncphcline Syenites from hill tracts, Visagapatam district, Madras Presi¬ 
dency. Stratigraphual Position of Gangamopteris Beds of Kashmir. Volcanic out* 
bnrst of Late Tertiary Age in South Hsenwi, N. Shan States. New snidse from 
Rugti Hills, Baluchistan. Permo-Carboniferous Plants from Kashmir. 

Part :3 .—Mineral Production of India during 1906, Ammonites of Bagh Beds. Mis¬ 
cellaneous Notes. 

Part y.-—Marine fossils in Yenangyaung oil-field, Upper Bnrma. Fresh-wa-ter shells of 
genus Batissa in Yenangyaung oil-field, Upper Burma. New Species of Dendrophyllia 
from Upper Miocene of Burma. Structure and age of Taungtba hills, Myingyan dis¬ 
trict, Upper Burma. Fossils from Sedimentary rocks of Oman (Arabia). Hubien in 
Kachin hills. Upper Burma. Cretaceous Orbitoides of India. Two Calcutta Earth¬ 
quakes of 1906. Miscellaneous Notes. 

Part 4- —P.seudo-Fuooids from Pab sandstones at Fort Munro, and from Vindhyan serios. 
Jadeite in Kachin Hills, Upper Bnrma. Wetchok-Yedwet Pegu outcrop, Magwe dis¬ 
trict, Upper Burma. Group of Manganates, comprising Hullandite, Psilomelane and 
('oronadite. Occurrence of Wtdfrom in Nagpur district, Central Provinces. Mis¬ 
cellaneous Notes, Index to Volume XXXYi. 

VOL. XXXVII, 1908-09. 

Part i.—General Report for 1907. Mineral Production of India during 1907. Occurrence 
of striated boulders in Blaini formation of Simla. Miscellaneous Notes. 

Part S, —Tertiary and Post-Tertiary Freshwater Deposits of Baluchistan and Sind. 
Geology and Mineral Resources of Bajpipla State, Suitability of sands in Rajmahal 
Hills for glass manufacture. Three new Manganese-bearing minerals :—Vredenburgite, 
Sitaparite and duddito. Laterites from Central Provinces. Miscellaneous Notes. 

Part A—Southern part of Gwegyo Hills, including PayagyigoD-Ngaahandaung Oil-field. 
Silver-lead mines of Bawdwm, Northern Shan States. Mud volcanoes of 
Coast. Burma. 

Part Jf ,—Gypsum Deposits in Hamirpur district, United Provinces, Gondwanan and 
related marine sedimentary systems of Kashmir. Miscellaneous Notes. Index to 
Volume XXXVII. 


The price fixed for these publications is 1 iMq>ee (lt<. 4d.) each part of 2 rupees (2a. 8d.) 

each volume of four parts. 
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Vob. VIII. Pt. 1, 1872 {price 4 Ra.) : Kadopah and Knrnul Formations in Mudras 

Presidency. Pt. 2, 1872 (price 1 Ra.) : Itkhuri Coal-field.—Daltonganj 
Coal-field.—CHope Coal-field. 

VOL. IX. Pt. 1. 1872 (prire 4 Rs.) : Geology of Kntch. Pt. 2, 1872 (price 1 Re.) : 

Geology of Nagpdr.—Geology of Sirban Hill.—Oarbpniferoiis Am¬ 
monites. 

Vox*. X. Pt. 1 (prirc 3 Rs.) : Geology of Madras.—S^tpura Coal-basin. Pt. 2, 1874 

(price 2 Rs.); Geology of Pegu, 

Vox*. XI. Pt. 1, 1874 {price 2 Rs.) : Geology of Dirjillng and Western Doars. Ft. 2, 

1876 (price 3 Rs.) : Salt-region of Kohdt, Trans-Indus. 

VoXi. XII. Pt. 1, 1877 (price Z Rs.) : South Mahritta Country. Pt. 2, 1876 (price 

2 Rs.) : Coabfields of N4ga Hills. 

VOL. XIII. Pt. 1, 1877 (price 2 Rs. 8 As.) : Wardha Valley Coal-field. Pt. 2, 1877 

(price 2 Hs. 8 As.) : Geology of Rdjtnahdl Hills. 

VoL. XTV. 1878 (priV^ 5 Rs.) : Geology of Salt-range in Punjab. 

Vox». XV, Pt. 1, 1878 (price 2 Rs. 8 As.) ; Aumnga and Hutir CoaT-flelds (Palamow). 

Pt. 2. 18^ (price 2 Rs. 8 As.) : Bamkola and Tatapani Coal-fields 
(Sirgnja). " 

Vot. - XVI. Pt. 1, 1879 (price 1 Re. 8 As.) : Geology of Kastem Coast from Bat. 16^ 

to MasTilipatam. Pt. 2, 1880 (price 1 Re. 8 As.) : Nellore Portion of 

Gamatio. Pt. Z, 1880 (price 2 Rs.): Coastal Region of Oodivari 
District. 

VoL. XVII- Pt. 1, 1879 (prtce 3 Rs.): Geology of Western Sind. Pt. 2. 1880 (price- 

2 Rs.): Trans-Indus extension of Punjab Salt-range. 

Vot. XVIII. Pt. 1, -IIOT (price 2 Rs.): Southern Afghanistan. Pt. 2, 1881 iovH e/ 

print ): H&nbhuxn and Singhbhum. Pt. 3,1881 (price 2 Bs.) i Pranbita- 
Goddyari Valley. 
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VoL. XIX* Pt. 1,1882 [price 2 £U>) : Cacbar Earthquake of 1868. Pt. 2, 1882 [pnce 

1 Be.): Thennal Springe of India. Pt. 3, 1883 (jmee 1 Re.): Catalogue 
of Indian Earthquakes. Pt. 4, 1883 [out of print) : Geology of parte of 
Manipur and Naga Hille. 

Von. XX. Pt, 1,18^ (out of print) : Geology of Madura and Tinnevelly. Pt, 2, 1883 

(out of prfn2) : Geology notes on Hills in neighbourhood of Sind and 
Punjab Frontier between Quetta and Dera Ghazi Khan. 

Vot. XXI, Pt. 1, 1884 (out of print] : GeolO|?y of Lower Narbada Valley. Pt, 2, 1884 

(out of print) ; Geology of Kathiawar, Pt. 3, 1885 (out of print) \ Coal* 
field o. South Rewab Pt. 4, 1885 (out of print) \ Barren leland. 

VoL. XXII. 18^ (price 5 Be.) : Geol^^y of Kashmir, and Khagan. 

VoL. XXIII. 1891 (price 5 Bs.): Geology of Central HimalayM* 

VoL. XXIV. Pt. 1,1887 (out of print) ; Southern Coal-fieidB ot Sitpura Gondwana basin. 

Pt. 2, 18W (out of print) : Geology of Sub-Himalaya of Garhwal and 
Kumaun. Pt. 3, 1890 (out of print) : Geology of South Malabar, be¬ 
tween Beypore and Ponndni Kivers. 

VoL. XXV. 1896 (out of print) i Geology of Bellary District, Madras Presidency. 

VoL. XXVI. 1896 (out of print) : Geology of Hazara. 

VoL. XXVII. Pt. 1, 1895 (out of print) : Marine Fossil from Miocene of Upper 

Burmd. Pt, 2, 1897 (out of print) : Petroleum in Burma and its techni¬ 
cal exploitauon. 

VoL. XXVIII. Pt. 1, 1898 (price 2 Rs.) : Geological Structure of Chitichun region.— 

Allahbnnd in north-west of Ram of Kuchh.—Geology of parts of 
gyan, MagwA and Pakokku Districts, Burma.—Oeofogy of Mikir Hills 
in Assam.—Geology of Tirah and Bazdr valley Pt. 2, 1900 (price 
5 Rs.) : Charnockite Series, group of Archaean Hypersthenic Rocks in 
Peninsular India. 

VoL. XXIX. 1900 (price S Rs.) t Earthquake of 12th June 1897. 

VoL XXX. Pt. 1, 1900 (price 2 Rs.) ; Aftershocks of Great Earthquake of 12th June 

1897. Pt. 2, 1900 (price 1 Re.) : Geology of neighbourhood of Salem, 
Madras Presidency. Pt. 3, 1^1 (price 1 Be.) ; Sivamalai Scries ot 
Elrcolite-Syenitos and Corundum Syenites. Pt. 4, 1901 (price 1 Re.) i 
Geological Congrese of Paris. 

VoL. XXXI. Pt. 1, 1901 (price 2 Rs.) ; Geology of Son Valley in Rewah State and of 

Parts of Jabalpur and Mirzapur. Pt. 2, 1001 (price 3 Bs.) : Baluchis¬ 
tan Desert and part of Eastern Persia. Pt. 3, 1901 (price 1 Re.) : 
Peridotites, Serpentines, etc., frcun Ladakh. 

VoL. XXXII. Pt. 1, 1901 (price 1 Re.): Recent Artesian Experiments in India. Pt. 2, 

1001 (price 2 Ba.) : Kampur Coal-field. 1^. 3, 1902 (price 3 Bs.) t 
** Exotic Blocks ** of Malla Johar in Bhot Mahals of Kumaon. Pt. 4, 
1904 (price 3 Bs.) : Jammu Coal-fields. 

VoL. XXXIII. Pt. 1, 1001 (price 8 Rs.) : Kolar Gold-field. PI. 2, 1901 (price 2 Bs.): 

Art. 1: Gold-fields of Waindd. Art. 2: Auriferous Quartzites of 
Parhadiah, Chota Nagpur. Art. 3 ; Auriferous localities In North 
Coimbatore. Pt. 3, 1902 (price 1 Re.) : Geology of Kalahandi State, 
Central Provinces. 

VoL. XXXIV. Pt. 1,1901 (price 1 Re.) ; Peculiar form of altered Peridotite in Mysore 

State. Pt. 2, 1902 (price 3 Rs.) : Mica deposita of India. Pt. 3, 1903 
(price 1 He.) ; Sandhills of Clifton near Karachi. Pt. 4, 1908 (price 
4 As.) ; Geology of Persian Gulf and adjoining portions of Persia and 

VoL. XXXV. Pt. 1, 1^ (price 2 Rs.) : Geology of Western Rajputana. Pt. 2, 1903 

(price 1 Re.) : Aftorshocks of Great Earthquake of 12th June 1897. 
Pt. 5, 1904 (price 1 Re.) : Seismic phenomena in British India and their 
connection with its Geology. 4 (in the Preesi) : Geology of Andaman 
Islands, with references to Nicobara. 

Voti. XXXVT. Pt. 1, 1904 (price 4 Ha.) : Geology of Spiti. Pt, 2, 1907 (price 3 Rs.) : 

Geology of provinces of Taang and U in Central Tibet. 

Voii. XXXVII. 1900. Manganese-Ore Deposits of India : Pt 1 {price 3 Rs.), Introduction 

and Mineralogy; Pt. 2 (price 3 Bs), Geology; Pt. 3 (price 3 Bs.), 
Economics and Mining; Pt. 4 (price 5 Rs.), Description of Deposits. 

Voii. XXXVIIl. (In the Preee) : Kongra Earthquake of 4tb April 1905. 



PALi^iONTOLOGIA INDICA. 

(See. I, III, V. VI, VIII.)*^-CXiETACKO(fS KAUNA OF SOUTHERN INDIA, by 
F. STOUOZKA, we/)£ Voi*. 1, Ft. I, by TV. F. BLANFOUD. 

Skr. I & III.—VoL. I. The Cephalopoda (1861 65), pp. 216, pis. 94 (6 d.mble). 

V.—VoL. 11. The Gastropoda {186V-6b), pp. xiii, 600, pU. 

VI,—VoL. Ill, The Feleojrpoda (1B70-71), pp. xxii, 637, pU. 60. 

\TII.—Vot. IV. The Brachiopoda, Ciliopoda, Echiuodcvmatn, Corals, etc. (*o72- 

73), pp. V, 202, pis. 29. 


(Sbr. II, XI, XII.)—THE FOSSIL FLORA OF THE GONOVVANA SYSTEM, by 
0. FETSTMANTEL, ejrcept Vol. I, Ft. 1, by T. OLDHAAl and J. MORRIS. 

VoL. I, pp. xviii, 233, pis, 72. 1863-79. Ft. 1; Rajm.'vhAI Group, Kdjmahal Hills, Ft. 2; 

The same {continued). Ft. 3; FlanU from GolapiU. Ft. 4; Outliers on 
the Madras Caast. 

Vol. II, pp. xli, 115, pis. 26. 1876-78. Ft. Ij Jurassic Flor.a of K.ich. Ft. 2 : Flora of 

the Jabalpur Group, 

Vol. hi, pp. xi, 64 f 149, pis. 80 (0 double) (I—XXXI-pIA—XLVIIA). 1879-81. Ft. 1; 

The Flora of the Talrhir-Karharbari beds. Ft. 2; The Flora of the 
Damuda and Pandiet Divisions. Ft. 3; The same (concluded). 

Vol. IV, pp. .\xvi, 25-f66. pis. 35 (2 double) (I-XXV-i-IA—XIVA). Ft. 1 (1882); 

Fos&il Flora of the Si>uth Rewah Gondvvana basin. Ft. 2 (1886) j 
Fossil Flora of some of the <x>aLriold6 in Western Bengal. 


(Srr. IX.)-JURASSIC FAUNA OF KACH. 


Vol. r (1873-76). 

Vol. II, t)t. 1 (l893 . 
Vol. II, pt, 2 (1900 . 
Vol. Ill, pt. 1 (1900 , 
Vol. Ill, pt, 2 (1903). 


The Cephalopoda, by VV. VVaaorn. |»p. i, 247, pis. 60 (6 double). 
The Echinoidea of T^aeh, by J. W. Gurgort, pp. 12, pis. 2. 

The Cor.Js, by J. W. Oukgorx, pp. 196, I—IX, pl^. 26. 

The Br.'iehiopoda, by F. L. Kitchin, pp. 87, pis. 16. 
Lainellibranehiata : fronus Trigonia, by F. L. KITCIII^, pp. 122, 
pis. 10 [out of print). 


(Sea. IV.)—INDIAN PRE-TERTIARY VERTEBRATA. 

VoTi, I, pp, vi, 157, pis. 26, 1865-85. Pt. 1 (1865) ; The Vertebrate Fossils from the 

Panohet rocka, by T. H. Huxlry. Pt. 2 (1878) ; The Vertebrate Foaail* 
of the Kota-Maleri Group, by SiR P. OE M. Orey Egcrton, L. 0. MiaLl, 
and W. T. Blanford. Ft. 3 (1879) ; Reptilia and Batrachia, by R. 
Lydfkker. Ft. 4 (1885) 5 The Ijabyrinlhodont from the llijoii group, 
by R. Lydkkker {out of print). Pt. 6 (1885) ; The Reptilia and Am¬ 
phibia of the Maleri and Denwa groups, by B. Lyz>ekker (out of print). 


X.)—INDIAN TERTIARY AND P0ST-TEBTI.4By VERTEBRATA, by 
IV LYDEKKER, except Vol. I, Ft. 1, by IV B. FOOTE. 

VoL. I, pp. XXX, 300, pis. SO. 1874-80. Pi. 1; Rhinncem deocaneiisis, Pt, 2j Molaif 

teeth and other remains of MammaHa. Pt. 3; Crania of Ruminants* 
Pt. 4} Supplement to Ft. 3* Pt. 5; Shyalik and Narbada ProbosGidia. 

Vol. II. pp* xV, 363, pis. 45. 1881-84. Ft. 1; Biwalik Bhinocerotidee. Ft. 2 1 Supple' 

moot to Siwalik and Narbada Froboscidia. Ft. 3; Biwalik and Naroada 
Eqnidsp. Ft. 4; Biwalik CAmelppsrdalidffi. Pt. 5; Siwalik Selenodoni 
Suina, etc.. Ft* 6; Siwalik and Narbada-Oarniy^a.' 



t^Ol. Ill, pp. xxi^, 264, pis. 38. 1884-86. Pt. Ij Additional Siwalik Perissodaotyla and 

Proboscidia. Pt. 2; Siwalik and Narbada Bunodont Suina. Ft. 3; 
Bodents and new Enminants from the Siwaliks. Ft. 4; Siwalik Birda. 
Ft. 6; Mastodon Teeth from Perim Island. Ft. 6; Siwalik and Nar« 
bada Cbelonia. Ft. 7; Siwalik Crocodilia, Lac^rlUia and Ophidia. 
Ft. 8; Tertiary Fishes. 

Von, IV, pt. I, 1886. Siwalik Mammalia (Supplement 1); pp. 18, pla. 6. 

Voi^ IV, pt. 2, 1886. The Fauna of the Kamul caves (and addendum to pt. 1); pp. 40 

(19—68), pla. 6 (vii—xi), 

Voii. IV, pt. 3, 1887. Eocene Chelonia troin the Salt-range; pp. 7 (59—66), pis. 2 (xu- 

ziii). 


(SsE, VII, XIV.)—TEETIAEY AND UPPER CRETACEOUS FAUNA OF WESTERN 
INDIA, 6y MARTIN DUNCAN and W. PERCY SUADEN, except Pt. 1, bjf 
F. STOLICZKA. 


VoL. I, pp. 16+110+382-f91=699, pis. 6+28+58+13=104. 1871—85. PL 1: Tertiary 

Crabs from Sind and Kach. Ft. 1 (new 2): Sind Fossil Corals and 
Alcyonaria; by P. Martin Duncan. Pt, 3: The Fossil Echinoidea of 
Sind : Fas 2, The Cardita beaumonti leds; Fas, S, The Ranikot Series 
in Western Sind; Fas. S, The Khirthar Series; Fas. i. The Nari 
(Oligoceno) ^ries; Pas. d, The Gaj (Miocene) Series; Fas. 6, The 
Makrdn (Pliocene) Series; by Duncan and Pladen. Pt. 4 : The Fossil 
Echinoidea of Kach and Kattywar; by Duncan, Sladen and Blanford. 


ft 


if 


(Seb. Xni.)-SALT-RANOE FOSSILS, by WILLIAM WAAGEN, Ph.D. 

ProduciaB-LimestonC'Group : VoL. I, pt. 1 (1879). Pisces, Cephalopoda, pp. 72, pis. 6. 

2 (1880). Gastropoda and supplement to pt t, 
pp. Ill (73—183), pis. 10 (1 double), (vii— 
xvi). 

3 (1881). Felecypoda, pp. 144 (185—628), pis. 8 
(xvii—xxiv). 

„ 4 (1882-85). Bracbiopoda, pp. 442 (329-770), 
pis. 62 (xxv—^Ixxxvi). 

„ 5 (1885). Bryozoa—Annelidse—Echinodermata, 

pp. 64 (771—834), pis. 10 (ixxxvii-xcvi). 

6 (loo6]. Coalenterata, pp. 00 (835—924), pis. 20 
(xcvii—cxvi). 

7 (1887). Ccelenteraia, Protozoa, pp. 74 (925— 
^), pis. 12 (cxvil—cxxviii). 

Fossils from the Ceratite Formation : Vol. II, pt. 1 (1895). Pisces—Ammonoidea, pp. 324, 
pis, 40. 

Geologtcai Results ; Vol. IV, pt. 1 (1889), pp. —80, pis. 4 (out of print). 

2 (1891), pp. 89—242, pis. 8 (out of print). 
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(Sra. XV.)—HIMALAYAN FOSSILS. 

Upper-triasdo and liassio fauna of the exotio blocks of Malta Jt^ar in the Bhot Mahals of 
Kumaon : Vol. I, pt. I (1908), by Dr. C. Diener, pp. 100, pis. 16 (1 double). 
Anthracolithic Fossils of Kashmir and Spiti : Vol. 1, pt 2 (1^), by Dr. C. Diener, pp. 06, 
pit. 8. 

The Fermocarboniferons Fauna of Chitichun No. I: Vol, I, pt. 3 (1897), by Dr. 0. Diener 
pp. 106, pis. 13. 

The Femian Fossils of the Producius Shales of Kumaon and Qarhwal: Vol. I, pt 4 (1897), 
by Dr. 0. Diener, pp« 64, pis. 5. 

Tbe .rermiaQ Fosdls of the Central Himalayas: Vol. I, pt 6 (1903), by Dr. C. Diener, 
Pj^ a04, pli. IQ. 

The Cephalopoda of the Lower Trias: Vol. II, pt 1 (1897), by Dr. C. Diener, pp. 182, 
pis* 8& 

The C^p^opoda of the Mu s o helk al k : Vol. 11> pt 2 (1895), by Dr. C. Diener. pp. 118. 

.pis, 81 « 



Upper TriftHio Cephalopoda Faniue of the Himalaya: Vol. lil| pi. 1 by t>r. 

Ton Mojaiaovice, pp. 167» pU. 22. ^ 

Trias Brachiopoda ana LamelUbranchiata ; Vol. 1II> pt. 2 (1899)^ by Alexander Bit>iner, 
pp. 76, pis. 12 (2 double). 

The Fauna of the Spiti Swea : VoL IV (1903), by Dr. V. Uhli^, pp. 132, rfs. 1®* _ ' 
The Fauna of the Tropiles-Litnestone of Byans : Vol. Memoir No. 1 (1906), by Dr. 0* 
Diener, pp. 201, pie. 17 (1 double). , ^ ^ ^ 

The Fauna of the Himalayan Muschelkalk: Vol. V, Memoir No. 2 (1907), by Dr. 0. 

Diener, pp. 140, pie. 17 (2 doable). ^ 

Ladinic, Carnic and None faunce of Spiti: Vol. V, Memoir No. 3 (1908), by Dr. 0. Diener, 
pp. 157, pie. 24 (3 double). ^ ^ , 

The Cambrian Fossils of Spiti : Vol. V. Memoir No. 4 {in the Frees), by F. R. 0. ^ed. 
Lower^Triassic Cephalopoda from Spiti, Malia Johar and Byans : Vol. VI, Memoir No. 1 
(1909), by Drs. A. von Krafft and C. Diener, pp. 186, pis. 31. 

The Fauna of the Traumatocrinus limestone of Painkhanda : Vol. VI, Meiu'iir No. 2 
(1^), by Dr. C. Diener, pp. 39, pis. 6. 


iSoB. XVI.)—BALUCHISTAN FOSSILS, by FRITZ NOETLING, Ph.D., F.G.8. 

The Fauna of the Kellaways of Mazdd Drik : Vol. I, pt. 1 (1895), pp. 22, pis. 13. 

The Fauna of the (Neocoraian) Belomiiite Bede : Vo). I, pt. 2 (1897), pp. 6, pis. 2. 

The Fauna of the Upper Cretaceous (Maestrichtion) Beds of tue Mari Hills : Vo). I, pt. 3 
{1897), pp. 79, pis. 23. 

(NEW SERIES.) 

The Cambrian Fauna of the Eastern Salt>range : Vol. I, Memoir 1 (1899), K. Redlich, 
pp. 14, pi. 1. 

Notes on toe Morphology of the Pelecypoda ; Vol. 1, Memoir 2 (1899), Fritz Noetling, 
pp. 58, pis. 4. 

Fauna of the Miocene Beds of Burma ; Vol. I, Memoir 3 (1901), Fritz Noetling, pp. 378, 
pis. 25 (out of print). 

Observations but quelques Plantes Fossiles des Lower Gondwanas : Vol. IT, Memoir 1 
(1902), R. Zeiller, pp. 39, pis, 7- 

Permo-Carboniferous (Lower Gondwana) Plants and Vertebrates from Kashmir : (1) 
Plants, by A. C. Seward; (2) Fishes and Labyrinthodonts, by A. Smith Woodward : 
Vol. II, Memoir No, 2 (1W5), pp. 13, pis. 3. 

The Loner Palseozoio Fossils of the Northern Shan States, Upper Burma : Vol. II, Memoir 
No. 3 (1906), by F. R. C. Becd, pp. 154, pis. 8. 

The Fauna of tne Napeng Beds or the Rhaetic Beds of Upper Burma : Vol. II, Memoir 
No. 4 (1908), by Miss M. Healey, pp. 88, pis. 9. 

The Devonian Faunas of tbe Noithem Shan States : Vol. II, Memoir No. 5 (1008), by 
F. R. C. Reed. pp. 183, pis. 20. 

The, MoUusea of the Ranikot Series : Vol. Ill, Memoir No. 1 (in the Press), by M. 
'^Cossmann and U. Pissarro. 

Ojk some Fish^remains from the Beos. at Dongargaon, Central Provinces : VoL III, Memoir 
No. 3 (1^), by A. Smith Woodward, pp. 6, pi. 1. 


The price fixed for these publications is four annas (4 pence) per singly plate, with a 

minimum charge of Re. 1. 



RECORDS OF THE GEOLOGICAL SURVEY OF INDIA. 


VoL. I, 1868. 

Pari t [out of -Annual rcpoi't for 1867. Coal-Jieams of Tawu valley. Coal in 

Garrow Hills. Copper in Buntlolkund. Meteorites. 

Part j? (out of print),—Coal-seams of neighbourhood of Chanda. Coal near Nagpur, Geo¬ 
logical notes on Surat collectorate. Cephalopodous fauna of South Indian cretaceous 
deposits, head in Haipur district. Coal in Kastern Hemisphere. Meteorites. 

Part $ (out of pH?i£).“-Gastroi>odou8 fauna of South Indian cretaceous deposits. Notes on 
route from Poona to Nagpur uid Ahmednuggur, Jalna^ Loonar, Yeotmabal, Manguli 
and Hingunghat. Agate-llake in pliocene (?) deposits of Upper Godavery. Boundary 
of Vindbyan series in Uajputana. Meteorites. 


VoL. II, 1869. 

Pari I (out of print ).—Valley of Poonaa river, West Berar.^ Kuddapah and Kurnool 
formations. Geological sketch of Bhillong plateau. Gold in Singhboonii etc. Wells 
at Hazareebagh. Meteorites. 

Part S .—Annual report for 1668. Pongshura tecta and other species of Chelonia from 
newer tertiary deposits of Nerbudda valley. Metamorphic rocks of BengaL 

Part 5.—Geology of Kuch, Western India. Geology and physical googpraphy of Nicobar 
Islands. 

Part L (out of print ).—Beds containing silicificd wood in Eastern Prome, British Burma. 
Mineralogical statistics of Knmaon division. Coal-6eld near Chanda, Bead in Baipur 
district. Meteorites. 

Von. Ill, 1870. 


Part 1 .—Annual report for 1869. Geolo^ of neighbourhood of Madras. Alluvial deposits 
of Irrawadi, contrasted with those ox Ganges. 

Part 2 {out of pr*nf).-^oolo^ of Gwalior and vicinity. Slates at Chiteli, Kumaon. 
Lead vein near Chicholi, Raipur district. Wardha river coal-fields, Berar and Cen¬ 
tral Provinces. Coal at Karba in Bilaspui* district. 

Part 9 (out of print ),—Mohpaiii coal-field. I.«ad-oi'e at Sliraanabad, Jabalpur district. 
Coal east of Cbhatisgarh between Bilaspur and Hanchi. Petroleum in Burma. Petro¬ 
leum locality of Budkal, near h'uttnung, west of Kawalpindi. Argentiferous galena 
and (‘opi>er in Manbhum. Assays of iron ores. 

Part 4 (out of print ).—Geology of Mount Tilla, Punjab. Copper deposits of Dalbhunx 
and Bingbhum: l.--^.k>pper mines of Singbhum : 2.—Copper of Ualbhum and Bing- 
bbum. Meteorites. 

Vot. IV. 1871. 


Part f.—Annual report for 1870. Alleged discovery of coal near Gkioty^ and of Indications 
of coal in Cuddapah district. Mineral statistics of Kumaon division. 

Part A—Aiial group in Western Prome. Geologica! structure of Southern Konkan. 
Supposed occurrence of native antimony In the Straits Settlements. Deposit in boilers 
of steam-engines at Kani^anj. Plant-bearing sandstones of Godavari valley, on south¬ 
ern exten&ons of Kamthi group to neighbourhood of Ellore and Bajamandri, and on 
possible occurrence of coal m same direction. 

Pare 5.-—Borings for coal in Godavari valley near Dumagudem and Bhadrachalam. 

. Narbada coal-basin. Geology of Central Provinces. Plant-bearine sandstones of 
Gk>davan valley. ^ 

Pare i.“Ammonite fauna of Kulch, Kaigur and Hengir (Gangpur) Coal-field. Sandstones 
m neignbonrhood of first bamer on Godavari, and in country between Godavari and 


VoL. V, 1872. 

Ptirt L—Annual report for lfl71. Relations of rocks near Mnrree (Mari), Punjab. Mineral- 

Mirzapup and^ adjoining connti^. slndstones in 
PMg ^Ponrnood of first bamer cm Godavari, and in country between Godavari and 

Briaohieton Md Perd* from Earushi to head of Perdan Gulf, and 
fff!?* - Kniniuummet'and Hanamconda districts in Niaam's 

, Geology of Orissa. New coal-field in aouth-eaatom Hyderabad (Daooan) 



Part ^.—Moflkat and Mapaandim on east coast of Arabia. Example of local joiotiiift 
Axial group of Western I’rome. Geology of Bombay Presidency. 

Part ^—Coal in northern region of Satpara basin. Evidence afforded by raised oystei 
banks on coasU of India^ in estimating amount of elevation indicated thereby. 
Possible field of coal-measures in Godavari district, Madras Presidency, Laraeta or 
intra-trappenn formation of Central India. Petroleum localities in Pegu. Supposed 
eo%oonal limestone of Yellam Bile. 

VoL. VI, 1873. 

Part /.—Annual report for 1872. Geology of North-West Provinces. 

Part —Bisrampuv coal-field. Mineralogical notes on gneiss of south Mirzopur and ad¬ 
joining country. 

Part S .—Celt in ossiferous deposits of Narbada valley (Pliocene of Falconer) : on age of 
deposits, and on assoiiated shells. Bnrakais (coHl-measuresJ in Beddadanolc field, 
Godavari district. Geology of parts of Upi>er Punjab. Coal in India. &>alt'Springs 
of Pegu. 

Part 4* —Iron deposits of Chanda (Central ProvinccE). Barren Islands and Narkondani. 
Metalliferous resources of British Burma. 

VoL. VTI, 1874. 

Part 7 {avt of '^)ruit] —Annual report for 1873. Hill ranges between Indus valley in Badak 
and Shah-i-Dula on frontier of Yarkand territory. Iron ores of Kumaon. Baw 
materials for iron-smelting in Baniganj field. Elastic sandstone, or BO-calJed Itaco- 
lumyte. Geological notes on part of Northern Ilazaribagh. 

Part 3 {out of 'print ).—^Geological notes on rovite traversed by Yarkand Embas.sy from 
Sbah-j-f)uia to Yarkand and Kashgar. Jude hi Karukas valley, Tnrkistan. Notes 
from Eastern Himalaya. Petroleum in Assam. Coul in Guro Hills. Copper in 
Narbada valley. Potash-salt from East India. Geology of neighbourhood of Mari 

ervatione mad© on a visit to Chaderkul, Thia] 
gtaciere within Kangra district. Building and on 
India. iuau3iiai« for iron manufacture in Ilaniganj coal-field. M 
rdha coal-field. 

Part 4 (<^vt of print). —^Auriferous rocks of Dhamhal hills, Dharwar district. Antiquity 
of human race in India. Coal recently discovered in the country of Imni Patnans, 
south-east corner of AfghanUtan. Piogress of geological investigation in Godavari 
district, Madras Presidency. Subsidiary materials for artificial fuel. 

Vot. vni, 1875. 

Part 7.—Annual report for 1874. The Altum-Artusb considered from geological point of 
view. Evidences of * groond-ice * in tropical India, during Talchir period. Triale of 
Ilaniganj fire bricks. 

Part 3 {out of print).—Gold-fields of south-east Wynasd, Madras Presidency. Geological 
notes on Rnareean hills in Upper Punjab. Water-bearing strata of Surat district. 
Geology of Scindia’s territories. 

Part S {out of print).—Sbahpur coal-field, with notice of coal explorations in Narbada 
region. C^l recently found near Moilong, Kbasia Hills. 

Part 4 {out of print ).—Geology of Nepal. !^igarb and Uingir coal--field8. 

VoL. IX, 1876. 

Port / {out of print). —Annual report for 1875. Geology of Sind. 

Part Betirement of Hr. Oldham. Age of some fossil floras in India, Cranium of 
Btegodon Ganeca, with notes on sub-genus and allied forms. Sub-Himolayan series in 
Jamu (Jammoo) Hills. 

Part 3 .—Fossil floras in India. Geolngioal age of certain groups comprised in Gondwani 
series of India, and on evidence they afford of distinct zoological and botanical terres 
trial regions in ancient epochs. Relations of fossiliferons strata at Maleri and Kota, 
near Sironcha, G. P. Fossil mammalian faunss of India and Bnrmsk 

Part 4 .—Fossil floras in India. Osteology of Merycopotamus dissimilis. Addenda and 
Corrigenda to paper on tertiary mammalia. Plosiosaurus is India. Geology of Pir 
Panj^ and neighbouring districU. 

Von. X, 1877. 

Part /.—Annual report for 1876. Geological notes on Great Indian Desert between Sind 
and Bajputana, Oretaceons genus Omphalia near Namebo lake, Tibet, about 76 milea 
north of Lhassa. Estberia in Gondwana formation, Vertebrata from Indian ter^ry 
and secondary rocks. New Emydine from the upper tertUries of Northm Punjab. 
Observations on under-ground temperaHire. 
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On the Occurrence of Ostroa latimarginata, a charac¬ 
teristic GAj species, in the Yenangyaung 
Stage ” of Burma. By E. Vredenburg, A.R.S.M., 
A.R.C.S., F.G.S., Assistant Superintendent, Geological 
Suroey of India, and M. Stuart, B.Sc., F.G.S., Assist¬ 
ant Superintendent, Geological Survey of India. 

I.—Ostrea latimarginata. 

(By E. Vredenburg.) 

W E are indebted to Mr. II. J. Davies, Geologist to the Burma 
Oil Company, for one of the most interesting fossil dis¬ 
coveries as yet made in Burma. Amongst some fossils sent by Mr. 
Davies from the Pyalo-Kwctha anticline in the Allanmyo subdivision 
of the Thayetmyo district, there arc several shells of an oyster which 
shows the specific characters of Ostrea latimanjinata, one of the 
principal zone fossils of the uppermost horizons of the Gaj in 
Western India. The characters and horizons of this shell have 
been discussed in a previous volume of these Records (Vol. XXXVI, 
pp. 317—318) and there is a good illustration by J. dc C. Sowerby 
in the Transactions of the Geological Society, series 2, Volume V, 
PI. XXV (1840), under the name 0. flabellula. The specimen 
figured by Sowerby is fronx Kachh. The shell has been obtained 
from Kachh, Kathiawar, and Sind at the uppermost limit of the 
Gfij beds. The fixed valve is ornamented with narrow ribs, close- 
set and numerous, but with a tendency sometimes to become ob¬ 
solete; its most conspicuous character is the enormous flange 
shaped surface that surrounds the body-cavity and extends far 
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Sitsayan shades and the locally uiifossiliferous or poorly fosRiliferous 
lower part of the sandstone, while the fossiliferous beds of Theo¬ 
bald’s Prome series have been united with the Kama clays to 
consti ute the Ycnarigyaung sc ’iea/ thus relying on a purely ac¬ 
cidental and local character to split up the well-marked unit con¬ 
stituted by the great sandstone mass. 

The discovery of siich a chaiacteristic zone fossil as Ostea 
latimarginata at a definite horizon makes it expedient to return 
to Theobald’s more natural classification. This fomi occurs at the 
upper limit of the Prome beds as originally defined, that is, just' 
below the base of the Kama clay. Since Osirea latimargimita is 
particularly characteristic of the upper zones of tln^ in Western 
India we have, by analogy, the Prome scries, as originally defined, 
coinciding with the (iaj and probably an undtdermined portion 
of the Nari, while the Kama clay must be the equivalent of a 
portion of the Hinglaj beds as defined by Mr. Vredenburg. The 
Kama clay, where originally observed and defined by Theobald, 
was not measured by him. Acdhrding to Mr. Vredenburg in the 
Mekran province of Baluchistan, the Gaj proper is overlaid by a 
clay and sandstone formation several thousand feet thick which 
has been distinguished as the Hinglaj series. Where most typically 
developed as in the Hinglaj mountains and their neighbourhood, 
the lower part of the Hinglfij series consists juincipally of clay, 
while the upper part includes a vast thickness of sandstones passing 
upwards into conglomerates. The stratigraphical succession and 
lithology suggest a close similarity to the Kama clay and the 
overlying Irrawaddy system. 

According to Mr. Vredenburg the Hinglfij scries in its lower 
beds contains fossils closely related to the Giij fauna, while the 
uppermost beds contain a decidedly different assem^age of forms, 
one o[ the leading shells being Pecten Vasseli Fuchs. In Burma also 
many of the fossils form the Upper Promo beds Lower Yonangy- 
aung = Gfij) pass into the Kama clay, while a marine fauna, which 
has not yet been examined in detail, occurs locally in the overlying 
beds of the Irrawaddy system. 

The Irrawaddy system, on the strength of its mammalian fauna, 
has been regarded as the equivalent of the Siwaliks, Mr. Vredenburg 
is of opinion that even the newest Hinglaj beds are older than 


J Pai, h dka. New J-erios Vol. I, part 3. 
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tho Siwaliks proper. It is quite possible that the Irrawaddy 
system contains representatives both of the Upper Hinglslj and of 
the Siwaliks. The stratigraphical studies so far undertaken arc 
quite insufficient to settle the mutual relations of tho beds with 
marine fossils and those with maniinalian remains within the 
Irrawaddy system. Nor do we know whether any stratigraphical 
break occurs between the mammalian beds and the supposed 
equivalents of the Upper Hinglaj. A distinct unconformity separates 
the Kama clay from the basement beds of the Irrawaddy system 
with marine fossils in Lower Burma, but the stratigraphical break 
is not accomi)anicd by any great change in the fauna and may 
not therefore represent a great interval of time. Nevertheless the 
recognition of this unconformity is of great importance in account¬ 
ing for the extreme divergences in the thickness of the Kama clay 
that have been observed from place to place: there are many 
instances where the Kama clay expands from a few feet to more 
than 1,200 feet in thickness within the distance of a few miles, 
bringing the succession into tin; closest correspondence with the 
vast thickness of supra-Giij clays mentioned by Mr. Vredenbiirg, 
This inconstancy of the Kama clay is a feature that has been 
brought to light only by the recent survey and was unknown to 
Dr. Noetling. The ignorance of this fact coupled with his not 
altogether happy re-adjustment of I'heobald’s scheme of classifica¬ 
tion has led him to a misconception which is of rather serious 
import from the practical point of view; at Yenangyaiiiig the beds 
overlying the petroliferous horizon were regarded b}^ Noetling as 
representing tho entire mass of his Yenangyaung stage, that is 
Theobald’s Kama clay and Ui)per Promo beds. Consequently the 
petroliferous beds themselves were referreil by Noetling to his 
Proine stage proper, that is Theobald’s Lower Prome beds and 
Sitsayan shales, and it has been an accepted idea ever since that 
these lower beds (Noctling’s Promean) constitute the true petroli¬ 
ferous horizon in the Pegu group. 

The detailed studies made in the neighbourhood of another 
petroliferous locality, Padnukpin, have shown that the petroliferous 
sands are mere intercalations within the Kama clay, which at that 
place, in consequence of the irregularities depending upon the above- 
mentioned unconformity, has expanded to a thickness of consider¬ 
ably more than 1,200 feet. In the light of the observations made 
at Padaukpin and other places, it be<5i)mcs extremely ]>robablc 
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that the petroliferous beds at Yenangyaung are also intercalations 
in the Kama clay. 

In every instance where the petroliferous horizon in the Pegu 
system can be definitely identified, it is invariably the Kama clays 
and their subsidiary sandstones that hold the oil, a fact which 
should be constantly kept in mind in any further search for oil¬ 
bearing localities. 
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China-clay and Fire-clay Deposits in the Rajmahal 
Hills. By Murray Stuart, B.Sc., F.G.S., fjissistant 
Stiperintendmt, Geological Survey of India, (With 
Plates 2 and fig. i.) 

INTRODUCTION. 

D uring the latter part of the season 1907-08, I was depute I to the 
Rajmahal Hills to investigate the district for kaolin and fire¬ 
clay as well as for sand for glass-making purposes. The results cf my 
emjuiries into the latter subject I have embcdied in a separate report.^ 
The area investigated is that described by Ball in the Memoirs of the 
Geological Survey of India, Volume XIII, part 2. 

China-clay has long been 1 now to exist in the Rajmahal Hills at 
Lohandia (25° 3', 87° 27') and Patarghatta (25° 20', 87° 20') and is men¬ 
tioned by V Ball.^ Since 1902 china-clay has been worked at Mangal 
Hat (25° 1', 87° 51') where it exists in the white Damuda sandstone, 
and is now, being used by the Calcutta Potteiy Company for the manu¬ 
facture of their china and porcelain. Besides these three localities 
china-clay had not been noted in the district, and no further information 
was known about fire-clay beyond the fact that it existed ^in the 
district.^ 

CHINA-CLAY. 

As the result of my investigations I find that china-clay occii s in 
tliree ways in the district:— 

(a) As the deromposition product of felspar in the fundamental 
gneisses and schists. 

(fe) In the white Damuda sandstone, where its presence is due to 
the decomposition of felspar originally present in the sand¬ 
stone. 

(c) As beds of white china-day interbedded in the white Damnda 
sandstone. 

' HecordSf G’ed. Surv, Ind., XXXVIl, p. 101. 

* Memoirs^ GeoL Surv, Ind. Vol. XIII, p, 86. 

^ Memoinf Cftol. Surv, Vol. XIII, p, 87, 
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The first form (a) is seea in quantit/ in the undermentioned local¬ 
ities : — 

Katangi near Baskia (24 °28', 87*^ 29') (21, 195).^ 

Karanpur (24° 19', 87° 27') (21, 193), 

Dodhani (24° 17', 87° 27') (21,194). 

Base of hill Piitarghatta (25° 20', 87° 20') (21, 205), 

In nala near Rajabhita (25° 57', 87° 27' 30") (21, 179). 

Bhukhanda (24° 21', 87° 21') (21, 207). 

Near Bagmara on the Pir Painti-Dianka road (24° 37', 87° 21') 
(21, 206). 

Of these the most important arc the tlircc first-moniioned localities. 
The china-clay there is quite white and very free from quaitz and other 
mechanical impurities. It is of the powdery, not very plastic, variety 
and much resembles the (\)rmsh china-clay in physical properties. I 
made an analysis of the sample obtained at Dodluini with the follow- 
\nii result:— 


Silica . 

Alumina 

Water l)y difference 


54'5 per cent. 
30-0 




As some of the silica is present as frcci quartz, this analysis indicates 
material not unlike Cornish china-clay, which has the composition :— 

Silica . 46-4 j>erccni. 

Alumina 39'7 „ 

Water 13*9 „ 

To test the refractoriness of these china-clays 1 made small bricks 

from them which I subjected to a white heat (about 1,600° Fahr.) for 
a quarter of an hour. In none of the cases was there any sign of fusion, 
so that these china-clays should prove suitable for the manufacture of 
all kinds of white porcelain and china-ware. The Tlrawbacks they 
possess are their low plasticity and their limited occurrence. The low 
plasticity need not be a disqualifying condition, as the same obtains 
with the well-known (^ornish china-clays. 

The quantity of china-clay in these localities, however, cannot be 
estimated from the siirface indications, and to get any real idea as to its 
extent trial shafts must be sunk. The exposure of china-clay which is 
seen at Katangi is some 50 yards in length, and is seen to a depth of 15 


' The numljers in brackets refer to the index numbers of spooimons preserved 
iu the Museum of the Oeulugical Survey of India. 
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feet without any base being exposed; and, without actual quarrying, 
it is impossible to say how much will be available. 

The china-clay seen at Dodhfini is much less, although no limits of 
depth or extent are seen. It is worked by the natives by means of 
tunnels, and they use it to form a whitewash. The tunnels go down to 
a depth of 10 feet into the clay and show no bottom. They extend some 
30 feet across the strike of the gneiss, and there are indications that the 
china-clay stretches some distance along the particular bands of gneiss. 
The outcrop of these china-clay beds and the surrounding country is 
covered and concealed by some 5 feet of soil and alluvium. 

The exposure at Karanpur is confined to two small sinkings in which 
the china-clay becomes less pure below a depth of (i feet. Here too the 
china-clay appears to extend a short way under the overlying alluvium 
along the strike of tlie gneiss which is in a south-easterly direction. 

The oxj)osure at Piitarghatta is seen at the ba^e of the hill facing 
the river. Here the percentage of (]uartz grains present is considerably 
higher than in the former cases, and the extent of the china-clay-bearing 
gneiss cannot be seen. There is, however, evidence of the wide extent 
of these beds under the Psitarghatta hill which renders them so far 
the most important in the district. In 1860 a large pottery works 
flourished there, managed by Mr. (1. Macxlonald. I have appended an 
abstract of his report on these pottery works and a repoit on the 
geology of the hills by H. F. Blanford. This was printed in 1864 and 
contains very valuable and detailed information as to the extent and 
value of the clays which cannot now be otherwise obtained except by 
fresh borings and experiments. 

The other exposures mentioned above are very small in extent and 
are of scientific interest only. 

As regards transport, Katangi is some five miles distant from 
Narganjo and is connected with it by a rough cart track. From 
Narganjo a good road runs to Muraroi Station on the East Indian 
Kailway some 40 miles distant. Karanpur and Dodhani are respec- 
tively about 40 and 35 miles from Kampur Hat Station on the East 
Indian Railway, and are connected with it by a good road. 

The second form (b) in which china-clay occuis is in the white 
Damuda sandstone of the district. Its presence there is almost 
entirely due to the decomposition of felspar originally present in the 
sandstone ; though there is occasional evidence, as at Amjhari (24® 31', 
87® 29') (21,199) that the china-clay was deposited as such together 
with the coarse gritty sandstone. In this case it would be derived- 
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from the fundamental gneisses and schists where they had already 
become kaolinised. Occasionally also the sandstone contains inclusions 
of china-clay. These inclusions range in size from quite small frag¬ 
ments, up to many cubic inches in volume (21,186). Their presence in 
the rock is due to a change in the conditions of deposition, and the 
consequent cutting out of some of the contemporaneous beds of china- 
clay which occur interbedded witli the sandstone, the fragments from 
the clay bed being subsequently re-deposited as inclusions in sand. 

This china-clay is being extracted from the sandstone at Mangal Hat 
by a system of crushing, washing and subsequent settling, and is being 
used by the (.^alcutta Pottery Company for the manufacture of their 
wares. In an article upon Porcelain by Mr. Satya Sundar Deb, Scholar 
in Ceramics in Japan,^ this china-clay from the sandstone at Mangal 
Hat is mentioned and the following statement made : “ The total and 
rational analyses are very satisfactory and the clay is not in any way 
inferior to (lerman or Japanese kaolins.” In addition to this Mr. Deb 
informed me that this china-clay is exceedingly plastic and does not 
need such a liigh temperature in firing as the foreign loss plastic china- 
clays. This form of cliina-clay occurs throughout the white Damuda 
sandstone of the district, and may be found wherever th('. white 
sandstone occurs. It is perhaps most conveniently obtained at Mangal 
Hat owing to the close proximity of the railway, but it occurs equally 
well throughout the Hura Coal-field (21, 181; 21, 182; 21, 183; 
21, 184; 21, 185), in the northern and eastern boundaries of the 
Dhamni Coal-field (21, 178 ; 21, 202), and in parts of the Chuperbhita 
Coal-field, chiefly near Alobaru (24° 32', 87° 32') (21, 180), Chilgo (24° 
34', 87° 30' 20") and Amjhari (24° 31', 87° 29') (21, 199). 

In many places on the western side of the hills the percentage of 
china-clay present in the sandstone is much higher than^t is at Mangal 
Hat or Pir Fahar (25° 6', 87° 50'), a group of hills adjacent to Mangal Hat. 
However, on the western side of the hills the white Damuda sandstone 
is often slightly micaceous, which would mean greater care in the washing 
of the china-clay, while at Mangal Hat the sandstone is remarkably 
free from mica. 

' The third form (c) occurs at Patarghatta (25° 20', 87° 20') and in 
the Kara Coal-field. At Patarghatta the china-clays occur some 20 
feet above the fundamental gneiss and persist throughout the PAtar- 
ghatta hills (21, 201; 21, 202). These clays are fully described by 


^ Indu^fd India^ voL II, Nu. 4, p, 95. 
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Mr. Macdonald and Mr, Blanford in the appended report, and from 
my observations I can say that their quantity is practically uudimin- 
ished and that they yield a very white, quite infusible china. 

In the Hura Coal-field china-clay occurs as a bed from 4 to 5 feet 
thick about a quarter of a mile to the west of Piarani (25° O', 87° 27') 
(21, 198) and also at a place just south of the streams by Hura on the 
jungle road leading to Mahua Bathun. This seam also is about 3 feet 
thick (21, 196). 

In addition to the above there occurs in the centre of the aqueduct, 
south of Rohri village, a seam of a harder variety of china-clay, but this 
is only 10 inches in thickness. It must be crushed before it can be used, 
and yields a nearly white china. These seams all dip gently to the east 
at an angle varying between 5 and 10 degrees, and are about a mile 
from any cart road. It is, therefore, doubtful whether the difficulties of 
transport would allow of their profitable quarr 3 dng, though it is almost 
certain that they extend over a large area. The nearest railway station 
would be Pir Painti on the East Indian Railway which is some 31 miles 
away. 

I analysed a sample of china-clay taken from the bed near PiAram. 
The anhydrous material contained :— 

Silica ........ .59*5 por cent. 

Alumina.39*4 „ 

Alkalies and loss ..1*1 


SUMMARY. 

China-clay occurs plentifully tliroughout the district, and there exist 
two localities which have yielded supplies to successful works. At 
Mangal Hat the Damuda sandstone is now yielding china-clay which is 
being used by the Calcutta Pottery Works. The most important depos¬ 
its however seem to be those at Patarghatta where successful works 
flourished in 1860. These deposits arc fully described by Messrs. 
Macdonald and Blanford. The works are mentioned by the late 
Dr. V. Ball,' but the reason for their ceasing work was not lack of demand 
of the articles manufactured there, as he states, but owing to the departure 
of Mr. Macdonald for private reasons. When in full work, these works 
produced articles of the highest quality, including table china, porcelain 
for scientific piu-poses, the finest Parian ware, etc., equal to that 

MemoitSf Qtol. Surv. Ind.^ VoL XIII, p. 86. 
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produced in Staffordshire. Many of these were exhibited in Calcutta 
in the Exhibition in 1864, and were for some time preserved in the 
Asiatic Society. The success of the works was due to Mr. Macdonald 
who liad expert knowledge of the industry. Coal was obtained 
from a mine at Lohandia, where Mr. Macdonald sunk a shaft. 

When Mr. Macdonald left these works in 1864 they were closed and 
fell into disuse ; but the materials and the coal remain, and under the 
management of an expert should again produce articles quite equal to 
the best produced in Stallordshire. Mr. Macdonald considered that 
Patarghatta was the best situated place for a works in India ; and 
from my own observations, I can certainly say that the position as re¬ 
gards materials is excellent, that their supply is practically speaking 
unlimited, and that if the best wares could be manufactured there over 
40 years ago they can be manufactured now. 

FIBE-CLAY, 

Fire-clay occurs somewhat plentifully on the western side of the llaj- 
mahal hills. It is found mostly in the three northern coalfields where it 
occurs in beds in the Damuda rocks. These beds are nowhere of any 
great thickness and are generally about 3 feet thick. They all dip at low 
angles towards the cast, the dips ranging from about 5 to 10 degrees. 

The clays themselves vary in colour from white to purple and bloe, 
and yield bricks which range from dirty-white, fine-textured ware to 
yellow bricks almost identical in appearance to the best Stourbridge 
bricks. 

In order t6 test the fire-clays I made small bricks from them, and 
subjected these when dry to a white heat (about 1,600^ Fahr.) for a 
quarter of an hour in a blowpipe furnace. By this means I was able to 
test both the plasticity and the refractoriness of the clay* 

With reference to the following table of fire-clay beds, it should be 
remarked that a few of the beds have strictly speaking no right to be 
included in a list of the fire-clay deposits of the district. But in cases 
where the appearance of the clay might lead one to hope for good results 
or in cases where a poor clay exists close to a good fire-clay, I have thought 
it desirable to enumerate them in the table. 

From the results of my experiments on the samples of clay which I 
obtained, I am of the opinion that the fire-clay which occurs in the Raj- 
mahal hills will answer most if not all of the requirements for which 
Stourbridge clay is at present used in this country. Many of the clays 
enumerated in the following table are p'.rfeotly infusible, and their tex- 



Stuabt : China-clay and Fire-clay. 


131) 


Part 2."| 


turo is quite as fine and uniform as that of the finest Stourbridge clay 
and therefore I see no reason why these clays should not make such 
articles as retorts for gas manufacture, etc., as well as the simpler fire¬ 
bricks. . 

In addition to these high quality fire-claysf, there are many which are 
equally infusible, but which have perhaps not a sufficiently fine texture 
to bo suitable for the manufacture of retorts, etc. These would make 
fire-bricks which should be quite as satisfactory as bricks made from the 
finest fire-clays. 

Index to Localities, 


Locality. 


Latittide. I Lonsltude. 


Alobarii 

Amjhari 

Ba((inara 

Bargo 

Bliulgora 

Bora gliat 

Burarl 

Chilgo 

BUumnl • • 

Diimabhlta 

GUhiirrla 

Gugri 

Hiira 

Jlajore . • . 

Khijuria . . 

Loliandla 

Nnrganjo 

Rohrl 

Saldnba 

Slmloag bungalow . 
Slmru bungalow 
Sltnrti ghat 

Simra or Samru village 
Surwa . 

Siirwa north of Katikund 
Telbhlta 

Umbdp&nl . • 



24 » .^ 2 ' 

24* 31' 

24* 37' 

24* 30' 40' 
24® 57' 

25® 1 

24® 67' 20' 
24® 34' 

24® 47' 30' 
24® 42' 

24® 50' 40' 
24® 44' 

24® 58' 30' 
24® 45' 60' 
24® 15' 

2f.® 3' 

24® 25' 

24® 68' 30' 
24® 10' 

24® 45' 

2.5® 2' 

25® 1' 

25® 4' 30' 
24® 26' 

24® 23' 

24® 47' 20' 
24® 16' 30' 


87® 32' 

87® 29' 

87® 21' 

87® 27' 

87® 27' 

87® 25' 

87® 27' 30' 
87® 30' 20' 
87* 33' 

87® 32' 40' 
87® 28' 

87® 31' 

87® 26' 

87® 28' 

87® 18' 

87® 25' 

87® 28' 

87® 26' 30' 
87® 34' 

87® 30' 

87® 23' 

87® 23' 

.87® 24' 

87® 32' 

87® 28' 

87® 28' 

87® 35' 
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List of fire-clay beds in the Uajmahol 


Locality. 


ITumbor of 
8l»ccimcn. 


Colour of 
clay. 


Plasticity. 


North base of hills south-east of Siinru bun¬ 
galow. 


60 feet below 21—231 ..... 
Base of hills Bora Ohat, north entrance . 

Base of hills J mile west of 21 —208 

In Slmrii Ghat ...... 

South-west of hill south of Txiliundin 

\ 

I 

Base of west of hill south of T.ohundia . 

West base of BhuHka]>ahar, 1 mile north of 
Simru village 

1 

South of Rohr'i in aqueduct . . . . | 

East side of hill west of Uohri . . . ! 

I 

Hura, by stream ... 

Hura, bclow2l—224 ..... 

Nah west of Burari on road . | 

i 

In nala south of Bhulgora .... 

Gllhurrla. 

North-east end of Ohuirmi Coalticld 

Hill above Dhiimni . . ' 

I 

Base of hill, below 21—204 . . . | 

I 

I 

Continuation of 21—240 on main hills to 
north. 

Second bed 3 feet below 21—216 . , . ‘ 

West of small hill oast of Hlmlong bungalow 

r 

i 

I mile east of Jinjorc.| 

I 

1 

South of Tclbhita in nala . . . . ! 


21—231 

Dirty white 

a 

1 

Good 

21—212 

Do. 

1 

1 

• 

Do. 

21_208 

Do. 


Do. 

21—250 

Do. 

# 

a 

Do. 

24.—2^0 

Do. 


Do. 

21_232 

Do. 

a 

» 

Do. 

21—2:i3 

1)0. 

• 

Di>, 

21—211 

Blue 

• 

Do. 

21—234 

Dirty while 

• 

Do. 

21 -252 

1)0. 

• 

Do. 

21 221 

Du. 

• 

Do. 

21 -242 

Purple 

• 

Do. 

21—235 

P/ile yellow 

t 

Do. 

21 — 20.5 

Puiple 

« 

1)0. 

21—210 

Blue 

• 

Do. 

21—2.56 

Piliph 

• 

Do. 

21- 204 

(rn*y 

■ 

Do. 

21_240 

Blue 

•it 

Do 

21-216 

Do, 

• 

Do. 

21—217 

Do. 

• 

Do. 

21—221 

Yellow white 

1 

1 

1 

. 

1 

Do. 

21—237 

Dirty white 

i 

; 

i 

• 1 

Do. 

21—233 

Do, 

# 

• 

Do. 


Grey 


} mile down stream below 21—233 


21—215 


Do. 
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ThIckDCM of 
bed. 

1 

Befractorlocss. 

Colour after 
firing. 

nsMARKB. 

3 feet 

1 

1 

Infusible 

Grey 

Should make a good fire-clay. 

1 

; 2 feet seen base 

1 invisible. 

Indication of 
vitrltleatloQ. 

Dirty yellow 

Only useful as a common fire-clay; would not be 
suitable for very high temperatures. 

' Ditto 

Infusible 

Grey 

Shows a few grains of tneehanically mixed iron 
after firing, but should make a good ordinary 
fire-clay. 

4 feet 

Do. 

Tale yellow 

Should make a good fire-clay. 

( 

! 2 feet seen base 
invisi Me. 

k 

Do. 

Nearly white . 

Slightly gritty, but should make a good ordi¬ 
nary flrc-clay. 

^ 3 feet seen base 
InvjHiiile. 

j 

Do. 

Blue white 

Should make an excellent fire-elay. 

i>itt 1 

Do. 

Tale yellow 

Ditto ditto. 

# 

1 

' 2 feet Hoon base 
' inviHible. 

Vitrifies slightly 

Dalkbro^^n . 

Only useful as a common fire-clay ; would nol be 
suit able for very high temperatures. 

' 2 feet 9 inelies . 

Infusible 

Dirty white 

Should make a good flrc-clay. 

4 feet seen base 
Invisible. 

Do. 

Nearly white 

Should make an excellent- fire-elay. 

1 2 feet 0 inclunj . 

Do. 

Pale yellow 

Should make a veiy good flre-elay, 

3 feet 3 inches , 

Fusible . 

Brown . 

Useless. 

2 feet 6 iuelirs . 

Infusible 

Palo j cUow 

Should make a good flrc-clay. 

8 feet 

Vitriflea slightly 

Giey 

t 

Only useful as a common flre-elav, would not 
bo suitable for very high temperatures. 

3 feet 

Infusible 

Light brown 

Should make a good flrc-clay. 

3 feet seen base 
invisihl*. 

Vittifha slightly 

Dark br-un 

Only useful as a common fire-clay: would 
nut bo suitable for very high temperatures. 

3 feet 6 Inches . 

Infusible 

I 

Orey 

Should moke a good flrc-clay or cheap china- 
clay. 

3 feet 0 Inches . 

Vitrifies slightly 

Yellow . 

Only useful as a common flrc-clay; would not be 
suitable for very high tcmpcnitures. 

4 feet 

Infusible 

Dark yellow 

Should make a good firc-olay. 

3 feet . 

Vitrifies slightly 

Pale yellow 

Only useful aa a very common flrc-cUv ; would 
not be suitable, for very high temperatures. 

2 hnt 3 Inches 

Infusibl' 

Light j’cPow' . 

Shows a few grains of me hanically mixed 
iron after firing, but should make a good or¬ 
dinary firc-elay. 

2 feet seen base 
invisible. 

Vitrifies slightly 

Light brown . 

Only useful as a eommon flrc-clay : w'ould not be 
suitable for very high temperatures. 

4 feet 

Do. 

Grey 

Ditto ditto. 

3 feet 

Infusible 

Do. 

Slightly gritty, but should make a good onli- 
nary fire-clay. 






142 Records of the Geological Survey of India. [Vol. XXXVIII. 

List of pre-clay helds in the Bajmahdl 


L icality. 


Number of 
Sp-oimen. 

Colour i-f 
day. 

PI isticlty. 

Doomabhitn . 


21—225 

White 

Good 

• t 

In bend of fttrtMim weal of Jiajorc . 

• 

21- 2IS 

Yellow white . 

Do. 

• 

South base of hill east of Simlong . 


21—2t7 

Dirty while 

Do. 

• • 

South’east of hill near Ohumni on Siiulung 
road. 

21—222 

Blue 

Do. 

t 

In nala west of Gooki I above coni scam . 

• 

21—251 

Dirty while 

Do. 

• 

1 mile south of Siinlonir on Horniipoor road 

• 

21—248 

Do. 

Do. 

. > 

In nalft | mile south of 2! —251 

4 

21—220 

White . 

Do. 

0 

Near Bargo .... 

0 

21—258 

Dlity \\liU« 

Do. 

0 

Underlying 21 — 2r*8 .... 

• 

• 

21 — 21 1 

I’urplo 

Do. 

■ « 

Chllgo . 

• 

21 ■ -222 

While 

Do. 

• • 

North of Surwa ..... 

« 

21-212 

Do. 

Do. 

0 

Sarwa, north of Katlkund 

9 

21 — 200 

Dirty whUc 

Do. 

• a 

East of Narganjo in nala 

• 

21—240 

Do. 

Do. 

t 0 

uth of Salduha in nala 

• 

21—257 

Do. 

Do. 

0 0 

Umbarpanec ..... 

• 

21 -211 

YcUoh 

Do, 

0 

Khijuria ...... 

• 

20 —211 

(irey 

Do, 

• • 


APPENDIX. 

liepuft on the Oeologj/ of Pafraghatia Hill, near Colgong, by He'^y F. Blanford, 

unth Analyses of Clays by O. Macdonald. 

[From pamphlet printed by Saviclle and Collier, Coasitollah, 1864, for distri¬ 
bution at the Exhibition of 1864.] 

The two isolated hills of Patraghatta and Kasdeh are situated on the banks 
of the Ganges a few miles below Colgong, and rise from the nearly level alluvial 
country (w'hich forms the greater pari of the Bhagulpore district) to the height of 
about 180 and 400 feet, respectively. The latter hill is by far tlie larger, covering 
an area of nearly one squaro mile as measured on the geological map. Mr. 
Macdonald considers that this is much below its real extent. It is of irregular 
form, and this may account for the discrepancy, and is distant about three-quarters 
of a mile from a smaller hill of Patraghatta, which rises abruptly on the verge of 
the river, and covers an area of not more than onc-fifth of a square mile. Though 
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Thbkneas of 
luxl. 

Bcf ratio rinesfl. 

Colour after 
fitinz. 

4 feet 

Tnfusiblo 

Dirty yellow 

4 foot 

Do. 

Light yellow 

8 foot 

Vitrifies slightly 

Light grey 

U fret 0 inohcfl . 

Do. 

Dirty white 

4 feet • 

1 

• Infunibtc 

Nearly white 

2 font ik‘on brtsio 
invlniblc. 

! Do. 

1 

i 

Light yellow 

4 feet 

Do. . 

Dirty white 

1 fool 

' Do . . 

Yellow , 

2 feet 

Do. 

Light yellow 

3 feet seen boso 
iuviM^lblo. 

Vitiiflca slightly 

Dark grey 

10 to 15 feet 

Do. 

Brown « 

3 foot 

infuslblo 

i 

Light brown 

1 foot 6 inehrs . 

Vitrifies slightly 

Grey 

4 feet 

1 Do. 

Brown 

3 feel. 

i ^ 

Do. 

. Grey 

0 foot Been baao 
ln\ iHibie. 

Do, 

Dark grey 

1 


SEMABK8. 


. I An impure clay, but should make a common 
I fire-clay. 

, I Should make an excellent flrc-ciay. 

. ! Not gultnblc for very high temparatures, but 
I should make a common fire-clay or china* 
. clay, 

I 

. ' Include fused particles after firing duf to grains 
I of Iron, therefore uselem. 

, I Should make an excellent fire-clay. 

. ; Ditto. 


Slightly impure, should make a good fire-clay. 

, ' .Shoold moke an excellent fire-clay. 

Ditto. 

Only useful as a very common flrc-cIay; would 
not he suitable for vciy high temperatures. 

Ditto ditto. 

« 

. Sliglitly gritty, tut should make a good ordi¬ 
nary flrc-cl ly. 

Only useful as a common fire-clay ; would not bo 
suitable for very high temperatures. 


• 

Ditto. 

ditto. 

1 

1 

• 

Ditto. 

ditto. 

• 

Ditto. 

ditto. 


thiia disconnected, they arc identical in geological stnictiire, and have undoubtedly 
at some former time been continuous with each other and with the rocks now 
forming the Kajmahal hills to the oastw^ard. 

Kasdeh hill is still covered with thick jungle, and although a few native ex¬ 
cavations have been made on certain parts of it for the extraction of clay, the rocks 
of which it is composed have not been nearly so thoroughly exposed as has been the 
case at the hill of Patraghatta, where most of the jungle has been cleared, and a 
large number of excavations and borings enable the structure of the hill to be as¬ 
certained in considerable detail. Accordingly, during my late visit to Patraghatta 
I devoted the greater jwirt of the time at my disposal to a close examination of 
the hill of J^atraghatta, with a view to determine the extent of its clays suitable 
for the manufacture of pottery, and having thus obtained a pretty thorough know¬ 
ledge of its formation, 1 jmid a brief visit to Kasdeh hill, in order to satisfy myself 
of its general character and tlio probability of its being equally rich in useful minerals 
with the former, in proportion to its extent. The present report will, therefore, 
be chiefly devoted to a description of the smaller nr Patraghatta hill. The Kasdeh 
hill may bo examined in detail at some future time, and I would recommend this 







l44 Records of the Geological Survey of India, [VoL. XXXYIII. 

be done before any extensive workings arc opened out upon it At present, al¬ 
though much detailed information might be gained in three or four days devoted 
exclusively to this hill, I do not think that until more trial works have been made 
upon it, its structure can bo made out with that detail which is desirable for eco¬ 
nomical purposes. To the general facts of its resemblance in structure to Pa traghatta 
hill and of its containing several extensive bods of cxeellent clays, I am, however, 
enabled to speak with confidence. 

The basis rock of the Bhaugulporc district, as of India generally, is of the class 
termed metamorphic by Geologists, Avhich varies infinitely in mineral composition 
but consists mainly of quartz with felspar, mica, hornblende and garnet in varying 
proportion. Most of the hills of the Bhaugulporc district are formed by elevated 
bases of these rocks which protrude through the general alluvial covering of the 
surrounding plain. The rooks and hills of Ck>lgong and Gungclday are, for example, 
of this character, but except for building purposes (lie stone is generally valueless. 
At the base of Patraghatta hill, and on the south-western spur of Kasdeh hill up 
to a height of about 10(» or 150 feet, rocks of this class also appt'ar. They were 
hero originally composed of quartz, felspar and a little mica, but owing to some 
peculiarity in the chemical composition of the s(H:ond mineral, which appears to 
preponderate in the rock, it has been decomy>os(Ml very extensively, and the whole 
of the rock has boon resolved into a friable granular mass, which can be generally 
dug out with a shovel. This is closely similar to the comish*stone of Knglish 
potters, and in its original state may be used to a considerable extent in certain 
kinds of pottery. 

When levigated, the fine white clay which results from the decomposition of the 
felspar, is separated under the name of kaolin or china-clay, and is one of the most 
valuable materials used in the manufacture of ])ottery and porcelain. At the 
south-western comer of Patraghatta hill, this rock is seen up to a height of about 
25 feet above the present level of the river, but at the spot it is less thoroughly 
decorapoaod than in the shafts which have been sunk below the level of the allu¬ 
vium. At the north-western corner of the same hill it has been sunk into a depth 
of 14 feet, and in a boring near the lime-kilns at the foot of the south flank of the 
hill, it has been penetrated, as I am informed by Mr. Macdonald, to a depth of 40 
feet. It is, therefore, in all probability, continuous beneath the hill, and as at the 
depth of 40 feet it was found to be equally decora|M>sed as nearer the surface, there 
is no reason to believe that this depth represents the limit of itseAent downwards. 

At Kasdeh hill, where, as mentioned, it rises to a height of about 100 feet above 
the plain, the material appeared to be equally good with that of Patraghatta. It 
is not at all improbable that it extends widely beneath this hill also, as well as in 
all probability, beneath the alluvium intervening between the two hills. I have 
no hesitation, therefore, in saying that so far as present evidence enables me to 
judge, the supply of kaolin obtainable is very largo indeed—what would be termed 
by some inexhaustible,—but this would of course be an incorrect phraseology. The 
kaolin is very white, and apparently free from iron, 

'Phe mass of both Kasdeh and Patraghatta hills consists of rocks of a very 
different character to the above, but which yield materials not leas valuable for the 
manufacture of pottery. Those are stratified deposits, the materials of which 
have been originally derived from the metamorphic rocks, but having been sorted 
and arranged by the action of water, are now deposited in alternate layers ol 
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sandy clays, and clay free from the admixture of sand. A general section of l^atra- 
ghatta hill hereto prefixed ^^ill best explain their mode of occurrence. 

The total thickness of these beds, as existing in Patraghatta hill, is about 180 
feet, and they are capped by a little outline of volcanic rocks, the last remnant of 
an outpouring which must at one time have extended widely over the country. 

The beds have a general inclination of 4® or 5® to the eastward, and individual 
layers or beds do not appear to bo continuous throughout but gradually to thin 
out and be replaced by those of another character, so that a section measured 
at one place would not at all accurately represent that which would be obtained 
at the distance even of a few hundred yards. Notwithstanding this irregularity, 
the general character of the beds appears to be the same throughout the hill, so that 
although any given bed may not be traceable (as a rule) more than a few hundred 
yards, a shaft sunk at any part of the hill would expose layers of clay, sand, etc., 
of similar character in much the same relative proportion, though differing in se- 
quonce. in the excavations now exposed I have been able to measure one 
nearly perfect and two or throe partial sections, which will give the. total thickness 
of the beds, and at the same time enable a fair idea to be formed of the amount of 
valuable minerals existing in the hill. These J will now' describe :— 

Section 1 is taken at the north-western corner of the hill. A shaft is in process 
of sinking at this point near the river bank, and for the first 30 feet passes through 
the lower bods of the stratified series. Jt then enters the decomposed gneiss, 14 feet 
of which have been already sunk through. The cornish-stone from this shaft yields 
an excellent kaolin. Above the shaft the rocks are well seen or the face of the 
hill to within about *30 foot of the summit, and five beds of clay, varying in thick¬ 
ness from 2 feet 6 inches to 6 feet in thickness, are exposed, all w'ell fitted for the 
manufacture of Pottery. These are not, however, the only useful materials : many 
of the sands are scarcely less valuable for mixture w'ith the clay, consisting for the 
most part of nearly pure quartzose sand, free from iron, and very white, when 
washed. The highest bed, included in this section, is a hard Saggy ferruginous 
sandstone, containing probably not less than 30 to 35 per cent, of iron. This band 
appears to be continuous through the hill and servos as an excellent horizon from 
which to measure sections elsewhere. It is seer forming the roof of a little cave 
on the north brow of the hill, and is again met with in the shaft (Section 3), and on 
the southern face of the hill above the spot w'here a boring is now in progress 
(Section 2). 

About fifty yards to the south of Section 1, a couple of trial excavations in the 
lower part of the face of the hill expose the Section No. 4. If this be compared 
with the lower part of Section 1, it will bo seen that, although the general relations 
of the beds are similar, thoii* relative thickness is very different, and some thin 
beds appear which do not occur in Section 1. This affords a fair illustration of the 
variability of the stratification within a short distance. The proportion of valuable 
materials is here somewhat greater than in Section 1. The clays are excellent, 
espeoially those iii the upper excavation, and are either pure white pipe-clay, or a 
brownish grey clay, which, being apparently colored by organic matter, only 
bums white. 

Section No. 6 represents the lowest beds, where they rest on the gneiss at (he 
south-western corner of the hill, and, therefore, nearly a quarter of a mile distant 
from No. 1, The gneiss beneath them (here about 25 feet above tho river level) 

o2 
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is loss decomposed than in the bottom of the shaft at No. 1, but is still auflioiontly 
so to be of some value if required. 

Section No. 6 comes next in order, jiassing round to the south of the hill. It 
is taken in two quarries behind the workshops, and exhibits two beds of white clay, 

6 feet and 6 feet 0 inches in thickness, respectively : 1 am uncertian what iiart of 
Section No. 1 this section represents. Behind the kilns, and a little way up the 
side of the hill, a bore hole has been sunk through, as Mr. Macdonald informs mo, 
82 feet of clays and sands before reaching the gneiss, 40 feet of which linvo also been 
penetrated. According to the section recorded by Mr. IVtacdunald, one 12 feet bod 
of white clay and one 13 feet bed of dark clay were met with in the boro hole, be¬ 
sides Eoveral bods of sandy clay. The kaolin from the gneiss at the bottom was of 
exceUent quality through the whole thickness penetrated, r/s., 40 feet. 

Further along the same face of the hill, and about half way np it, a boro hole 
is now being sunk. The bore has reache<l a depth of 21 feel, 10 of which Mr. 
Macdonald informs me are through clay. I am inclined to doubt whether much (»f 
this bed is such as can bo profitably ciiiploynd in pottery, but I saw a S|)ecimen 
brought up by the borer from the bottom equal to any clay J met with elsewhere. 
From this bore hole the sequence of the beds up to the iron [kiikI is given in 
Section 2. 

It is exposed partly in a cutting, partly on the natural surface the ground. 

I’he beds above the iron Ijand arc only cK|K)scd in tiu* shaft on the eastern sum¬ 
mit of the hill, and are 65 ft^et in thickness up t-o the basalt. 1 was unable to descend 
this shaft, but give the section on Mr. Macdonald’s autJiority without details. 
Xo. 3. — I saw some specimens of excellent clay among tl\o little heaps from the 
shaft. 

Adding together the Section No. 1 and No. 3, the total thickness of tlie stratified 
rocks up to the basalt is 180 feet. I think it may be fairly assumed that this is not 
above the real average, and it is not im))robable, judging from the depth o^*the bore 
hole behind the kilns, that the beds may bo thicker on the south side of the hill. 
Confining myself, however, to the results of iny own observation, f will take 180 feet 
as the average thickness, and two-ninths of the whole or -to feet, will be (accord¬ 
ing to the average of the sections measured by myself) tlie amount of fine clay fit 
for pottery which they include. 1 take no count of the beds bet.ween the iron band 
and the basalt, i.c,, they are not included in the ealculation of the average, l)ut are 
included in the application of that average, inasmuch as I havoinot been able to 
examine them i)ersonany, and I equally exclude from consideration the results of 
the borings, as the sections liavo not l>een noted in such a way as to admit of com¬ 
parison with my own observations. In the above estimate I have also e.xeluded 
all tlie sandy clays, many of which would be valuable for other (lurposes, such as 
the manufacture of fire bricks, and the sands which will l>e as useful in pottery os 
the clays themselves. Thus, then, although the fine clays occur for the most part 
in beds of 3 and 4 feet only, it frequently happens that in excavating those a consi¬ 
derable thickness of beds might bo profitably worked together, the materials being 
sorted as removed. 

It thus appears that of the materials required for the manufacture of pottery, 
all of those most largely employed are obtainable in one hill, viz., cornish-stone, 
kaolin, sand and pipe-clays as also clays for the manufacture of fire brick. All 
these exist in large quantity in the hills of Patraghatta, and apparently also in that 
of Kasdoh. Moreover, I have little doubt that they extend beneath the flat ground 
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intervening between the two hills, and it is probable that they would equally be 
met with in shafts sunk anywhere to the east or south-east of the former hill, within 
half a mile or so of its foot. 

Of other materials, Mr. Macdonald showed me some excellent felspar from 
Lohunda, about 20 miles distant, whence a good coal is also obtainable for the 
furnaces. Sufficient lime for the use of the works may yet be obtained also from 
the hill, but as the limestone is a mere surface formation unconnected with the es¬ 
sential structure of the hill, the supj)ly is very limited, and could not be calculated 
upon anywhea^ in tlio ncighbourho^. Borax, potash, gypsum, and a few other 
matcriab) used in pottery, such as zaffre and other coloring materials, must be pur¬ 
chased, but this is tire case at almost all pottery works, and their carriage would be 
inexpensive in ]>roj)ortion to their intrinsic value. Gypsum is known to occur in 
the Nortli-Western Provinces and the Punjab, and may probably at some future 
time be procurable from Indian localities at less cost than that which is now brought 
from Europe. 

Finally, I consider that large pottery works may bo established at Patraghatta 
without any fear of the failure of clays, sands or other materials that I have men¬ 
tioned. • 

Henry F. Blanfobd. 

The Slh Novtmher 18G3. 


Analysis of samples of clay hy G, Macdonuldt Esq. 


A'mlytiiii of (he L*HtiH|sluitta clays 
and trniul. 

Loss by 
ignition 
in water 
and or¬ 
ganic, 
matter. 

1 

Silieu. 

Aluiuinu. 

Lime. 

1 Miig- 

1 ucsia. 

1 

1 

liuii and 
Manga¬ 
nese. 

.Soda. 

rotash 

and 

Loss. 

No. i.—Kaslin .... 

14-00 

57-00 

39-11 

1-42 

1*21 

Trace 

1*26 

No. 2.—Fine white clay, closely 








rcBcmbling kaolin . 

lO'OO 

55-00 

40*38 

2”2U 

1-32 

Trace 

1-00 

No. 3.—A fine light drab-coloicd 








clay .... 

12*75 

51*00 

46-30 

1*56 

0*50 

0-22 

0-12 

No. 4.—A light drab day 

15*50 

54*53 

40*27 

2-00 

1-25 

0-75 

1-20 

No. 3.—A fine light drab clay 

10-25 

03-15 

33-20 

0-75 ! 

0*36 

U-44 

o-io 

No, 0.—A light brown clay . 

0-00 

70*00 

27-10 

Not ascertained. 


No. 7.—Do(‘oiiUHMed gncLsa . 

5*25 

78-00 

18-50 

0-45 

1*47 , 

0-00 

1*58 

No, 8.—^Washed sand . 

0*25 

90-00 

1-15 

Trac-c 

1 

Trace 1 

Trace 

2*85 

No. 9.—A fine light drab clay, from 








43 deep In bore. 








scam 13 feet thick . 

lO'OO 

62*00 

31-00 

Nut ascertained. 


No. 10.—A dinb clay, from 44 feet in 








bore, near the kilns, exc- 








cellcnt flro-clay 

8-00 

80-00 

16*00 

Not ascertained. 



All the analyses were made from 100 parts of the ignited clay, and the loss by 
ignition in water and organic matter recorded, the clays having first been dried 
at 212^ Fahr. 
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la No 8. 6) 9, (vad 10, the full analyses are not given, their value being most im* 
portant from the quantity of silica thoy contain in u fine state of division, and they 
are sufficiently free from iron and lime to be most valuable for the manufacture 
of fire-bricks, fire-clay, and stone-ware. 

List of articles forivarded to (he Exhibiiion of 1S64, 

Specimens of clays referred to in the report, numbered according to their re¬ 
spective analyses. 

Three milk pans of sizes forming a set. 

Specimens of various articles of table service, such as plates, dishes, cups, 
saucers, beakers, jugs, etc. 

Drain-pipes comprising glazed specimens of two nine-inch and two six-inch 
pipes. 

Unglazed specimens of various kinds of roofing tiles. 

EXPLANATION OF PLATES. 

Plate i.—Ideal section of Psvtarghatta Hill by H^F. Blanford. 

Plate 2 ,—Sections of borings in Patarghatta Hill by H. F. Blanford. 

Plate 3, fig, 1 —Photograph of a 3-ft, white clay bed in Damuda 
white sandstone, Bora ghat. 
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The occurrence of coal at Gilhurria in the Raj- 
MAHAL Hills. By Murray Stuart, B.Sc., F.G.S., 
Assistant Superintendent, Geological Survey of India. 
(With Plate 3, fig. 2.) 

I N the early part of 1908 whilst I was examining the western flank of 
the Rajmahal hills for cliina-clay and sand for glass manufacture, 
I was informed that coal was being obtained from a place called Gilhurria 
(24° 50' 40", 87° 28''), situated nearly half way between the boundaries 
of the Hura and Dhamni coalfields. 

On visiting the locality I found that the coal was exposed in the bed 
of the stream, which was then dry, and that it was being worked by the 
natives some few yards up the face of the hill south of the stream course. 

It is being worked by means of quarrying and the following section 
is seen :— 


Upper quarry : 

Ft. 

Soil • , t ■ •* ,.l 

Red sand 4 

Carbonaceous, blue clay . , , . . 2 

Blue clay 3 

Coal-seam (base not seen) . , . . .6 

underneath which is a second quarry showing: 

Carbonaceous, white kaohnitic grit . . « .4 

Coal-seam (base not seen) S 


The two quarries are separated by 14 ft. of undergioAvth and scree. 

The strike of the rocks is N. 10° W. with an easterly dip of 6°. 

The examination of the rocks su rounding the exposed coal revealed 
the outcrop of a small patch of Damuda rocks, hitherto unsuspected, in 
the valley near Gilhurria covered directly with trap at the western end, 
but passing up into a thin covering of Dubrajpur sandstones to the east. 

The whole outcrop is very small but is interesting inasmuch as it 
contains burnable coal and also that it indicates the continuity of the 
Hurd and Dhamni Coalfields unde the trap. In the map of the district 
prepared by V. Ball and published in McnioirBy Geological Survey 
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of Indiaj Vol. XIII, part 2, these rocks are all mapped as Dubrajpur 
rocks and the continuity of the two (oalfields, underneath the trap, 
was only a matter of conjecture. 



V///X Trap (Rafmahal) Dubrajpur saries 

I Damuda series Metamorphic aeries 

Geological sketch-map of the country around Gilhurria. (Scale mile.) 


The coal itself is of a very uniform quality in both seams. In texture 
it is of the carbonaceous shale variety, but it is crowded with small frag¬ 
ments of ca bonised wood and plant remains which give^to it its burn¬ 
ing power (21, 260). 

Although these fragments all lie in a definite direction, yet there is 
an absence of any banding o bedding in the coal. In this respect it 
differs from a true coal. 

An analysis of the coal, made by me, showed it to have the following 
composition — 


Moisture 
Volatile matter 
Fixed carbon . 


7*40 per cent 
30-94 
39-67 
21*03 
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Since these figures are obtained from the coal where it outcrops it is 
probable that the percentage of volatile matter in the coal would be 
found to be higher s me little distance underground. That is, the 
percentage of combustible matter in the coal would be higher. In 
the case of a true coal, whose composition remains practically constant 
over large tracts, this would be so. But 'n this case it is impossible to 
predict whether the composition of the coal does persist over any distance 
or whether it constantly changes. 

EXPLANATION OP PLATE. 

Coal mine at Gilhurria— 

{a) Red sand—4 ft. 

(6) Carbonaceous blue clay—2 ft, 

(c) Blue fire-clay—3 ft. 

(d) Coal-seam—6 ft. (base not seen). 
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Note on a Pegu Inlier at Ondwe, Magwe District, 
Upper Burma. By E. H. Pascoe, M.A., B.Sc., F.G.S., 
i:Assistant Superintendent, Geological Survey of India, 
(With Plates 4 and ^0 


T he following note has been prepared from a report by M. R. Ry. 

Sethu Rama Ran, Sub-Assistant, Geological Survey of India, 
Buima Oilfields party, resulting from his survey of sheet 156, Burma 
Survey 1-inch map, during April 1909 ; both the accompanying maps 
(Plates 4 and 5) are the work of the same obaarver. 

Position ,—The inlier, as shown on the map (Plate 4), occurs on the 
Yin Chaung (chaung=streani or stieam-bcd), some 10 miles east of the 
Irrawaddy, and includes the village of Ondwe (Lat. 20*^ 6' 52", Long. 95® 
10' 45"), which is about 16 miles by road from Magwe. The centic of the 
inlier is some 30 miles S.S.E. of the Yenangyaung Oilfield. 

Structure .—In the midst of the Irrawaddy Sandstone (“ Pliocene ” of 
earlier publications), the Pegu beds ('* Miocene ”) form an elliptical out¬ 
crop 4 miles long and 1| miles broad, at the centre of a symmetrica’ anti¬ 
clinal dome (see map, Plate X). The direction of its longer axis, which 
may be taken as coincident with the anticlinal axis, is about 40° W, 
of N. to 40° E. of S. 

The fold is a very gentle one ; a transverse section across its centre 
would show the following dips ;— 

(i) at the Pegu-Irrawaddy boundary on either side,^10°—12°, 

(ii) 2,000 feet from this boundary, nearer the crestal area, from 
3° to 6°. 

A few minor dip-faults occur, one of which was traced for | mile, but 
Mr. Bethu Rama Rau reports them to be too small to aflect any possible 
oilfield. 

Rocks .—The Pegu rocks are described as consisting “ chiefly of shales 
and friable sandstones, with thin sandy limestone bands ; they are 
ev'dently softer than the Irrawaddy sandstones as they have suffered 
greater denudation. Here and there the limestone bands are fossiliferous, 
and one fossil band is traceable on both sides of the crest. Selenite is 
abundant. 
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The Irrawaddy beds consist of the usual soft current-bedded sand¬ 
stones with a few sandy limestone bands, and much fossil wood, mostly 
sj^ceous but sometimes calcareous. Near the base are ferruginous 
conglomerates with fragmental vertebrate remains. The “ Red Bed ” 
forming the base of the Irrawaddy scries in so many places elsewhere, is 
absent here. The boundary between the Pegu and Irrawaddy series 
selected as the most probable and mapped by Mr, Sethu Rama Rau 
was the base of a sandy limestone associated with irregular patches of 
an ossiferous feriuginous conglomerate, overlying beds rich in selenite ; 
the junction is probably an unconformable one. The thickness of Pegu 
beds exposed is probably about 200—250 feet. 

Other deposits are —the Red Alluvial Silt which is gravelly in 
places and occurs on high ground, and recent stream alluvium : neither 
of these call for further notice. 

Prosj>ects of ohiainiwj oil .—The orientation of the Yenangyaung in¬ 
lie is 27°~28° W. of N., that of the Ondwc inlier about 10° W. of N., 
while that of the line joining the two is very nearly the mean be- 
tw^een them, so that the two Pegu exposures probably lie upon the same 
wave-front of the folding movement. This need not necessarily have 
any significance from an oil prospector’s standpoint, but in the favour¬ 
able structure of the rocks and the proximity of the area to Yenangyaung 
it is equal to some places which have been tested, and might be worth 
a deep experimental boring. No seepages occur. The Yin Chaung con¬ 
tains water all the year round and the locality can be easily reached from 
either Magwe or Myingun. 
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The Origin of the Salt Deposits of Rajputana. By 
Sir Thomas H. Holland, K.CI.E., D.Sc., F.R.S., 
AND W. A. K Christie, B.Sc., Ph.D., Geological 
Suroey, of India. (With Plates 6 and 7.) 


D uring the last few yeara, a special investigation has been 
made by the Geological Survey of Imlia into the salt resources 
of the Sambhar Lake in Rajputana and naturally the origin 
of the salt has formed part of the enquiry. 



The Sambhar Lake is situated in the middle of a closed depres¬ 
sion in the Aravalli schists, and is 
Salt resonrce.s of Sam- rivers—Menda, Bupnagar, 

Kharian and Khandel,—which, with 
some smaller streams, drain an area of about 2,200 square miles. 
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Tho lake at ita highest level covers an area of about 90 square 
miles. For the greater part of the year there is no water on its 
surface, but, in seasons of normal rainfall, the depth of the water 
in tho middle of the lake averages 4 feet in tho monsoon. 

Tho investigations referred to above have shown that the salt 
resources of 8ambhar are confined to a body of saliferous silt, 
stretching over an area of 80 to 90 square miles and attaining 
depths in the centre of 60 to 70 feet. The analyses made of 
samples taken at regular intervals over the lake-bed show that 
in tho upper 4 feet of silt over an area of 68 square miles, there 
is an accumulation of more than 18,000,000 tons of sodium-chloride. 
As other samples taken at depths of 8 to 12 feet show that ap¬ 
proximately the same percentage of salt occurs in silt to the latter 
depth, there must be in the upper 12 feet of silt more than 55,000,000 
tons of salt. * • 


Sambhar is not the only salt lake in Rajputana. There are 

ntlier K-iliiiitaii-i Salt temporary lakes like 

leaker Didwana, Falodi, Lonkara-Sur, and 

Kachor-Rowassa, while a brine-impreg¬ 
nated subsoil exists throughout the desert region, as well as in 
the country to the west, in Sind and around the Rann of Cutch. 
To the north of the Rajputana coimtry also subsoil brine is raised 
and evaporated for salt in the districts south-west of Delhi, while 
to the north-west saline soils are common in Rhawalpur State and 
in the Punjab districts of Multan and Mazaffargarh. Shallow 
wells sunk in the sand in most parts of Rajputana are brackish, 
and the whole country is noticeably saliferous. There may be 
many Sambbars concealed by the mantle of desert sand. 

The first attempt to explain the origin of the Rajputana salt 
, , , soiirces seems to have been made bv 

Hume in his Report on the 
Mlt Lakes. Administration of tho Inland Customs 

Department for the year 1867-68. He 
refers to the salt in the Sambhar Lake as possibly a mere surface 
deposit, due to the drying up of an inland sea, or possibly accord¬ 
ing to some “the washings of countless ages out of the surromiding 
Permian formation.” 

To support the theory of a recent invasion of tho sea in the 

j:r;J-s; "tj; .rs 
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is due to evaporation of bodies of sea-water cut oft from the re¬ 
treating ocean is thus without foundation. During Lower Tertiary- 
times the sea stretcheii over parts of Sind, Rajputana, and tho 
Pimjab, and the rock-salt deposits of Kohat and possibly those of 
the Salt Range were formed about then, although not necessarily 
by tho isolation of bodies of sea-water. Rut no evidence as to 
the existence of Tertiary strata has been found anywhere near tho 
Sambhar Lake, either superficially or by the borings recently made 
under the advice of the Geological Survey Department. The rocks 
around are various forms of scliists belonging to the Aravalli 
system, resembling in general lithological characters tho Dharwar 
system of South India. No rock-salt formations have ever been 
found in such rocks or in the Vindhyan formations in the adjoin¬ 


ing parts of Rajputana, nor would the decomjiosition of these rocks 
give rise to any unusual quantities of sodium-chloride. 

In a report made in 1902, Dr. Noetling suggested that the salt 
. . . of tho Sambhar Lake is obtained from 

the crystalline rwks. “ subterranean saline spring arising 

along a fault-piano Inddon l)y the 

mass of silt which now forms the bed of the lake. No proof 
exists as to the presence of a fault-plane, and no attempt was 
made to account for the occurrence of salt in a spring arising 
through the Aravalli schists : the idea of tho existence of a 
saline spring rising through tho schists is not supported by 
any more direct and positive evidence than is the local legend 
that tho salt was once a mass of gold and silver converted by 
the thoughtful Devi into tlic less valuable x^roduct to prevent 
its being covetetl by some of the powerful tribes in the country 
around.^ * 

Mr. T. D. LaTouche accounts for this general prevalence of 
salt as follows :— 


** It seems to me that instead of our being compelled to speculate onf#- 

^ met extensions of the sea or great changes 

SllgfffSted COllCeiltiatlOll level, no evidence of which U to bo found 
Of ordinary river water. to account for the presence of the 

salt a simple explanation presents itself in the peculiar conditions of the 


I The idea of brinc-springH in the bed of tho lake was mentioned by R. M. 
Adam in 1870 (ReiK)rt, Inland (Justoms Department, 1800-70, Appendix B, p. 
12) as one of tho thcorios for tho origin of the salt, Mr. Adam favoured tho 
theory that the salt camo fretm tho rocks ar>)und, which he thought to bo Per¬ 
mian. 
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country as regards drainage and evaporation. The rain-v^ater flowing from 
the hills is evaporated long before it reaches the sea, owing to the porous 
nature of the sand and the dryness of the atmt^sphere, and the salt it 
contains, which would under ordinary conditions be carried by rivers into the 
sea, and help to swell the amount of salt already there, is deposited among 
the sand grains, and in process of time has thoroughly impregnated the soil 
with salt. The process is in fact exactly similar to that which, it is uni¬ 
versally admitted, accounts for the presence of the salt in the sea itself. 
Wherever depressions in the general level of the country occur, as at Pach- 
padra, Sambhar, and other places, the drainage from the surroimding higher 
ground concentrates the salt, until in course of time the accumulation has 
become so great as to be commercially valuable. 

It is perhaps not improbable that as particles of carbonate of lime are 
distributed over the desert by winds blowing from the south-west, and in 
time form beds of kankar, so also particles of salt may be blown up from 
the sea-shore and help to increase the amount of salt contained in the aand.’*^ 

Were the main part of the salt in the lake derived in the man¬ 
ner suggested by Mr. LaTouche from the decomposition of the 
surrounding rocks, one would expect that in these rocks and in 
the silt the ratios of chlorine to other soluble constituents (sodium, 
for instance), would be commensurate. 

Taking F. W. Clarke’s estimate of the relative quantities of 
the elements in the earth’s crust,^ we find tlie ratio of chlorine 
to sodium to be 2*88: 100. Assuming that the composition of 
the rocks of the Sambhar basin does not differ greatly from Clarke’s 
average, wo should expect to find these elements in similar propor¬ 
tions in the Sambhar silt. Mr, D. Hooper’s analyses of the 
unwashed lake mud, however, gave an averege ratio of 161:100, 
about 66 times as great,—a figure which would indicate that we 
must look elsewhere for the source of tho chlorine. 

Mr. LaToache’s explanation does not account satisfactorily for 
the large quantities of salt in the small lakes at high levels, where 
the small rivers that flow in are rivers only for a short while after 
a^ heavy downpour of rain. We have no ri^tto expect much salt 
in a river formed by a heavy downpour on a country of schists 
and quartzites, where there is little vegetation or animal life. For 
most of the year, there is no raining water in the rivers and the 
processes of rook-decomposition that relieve sodium-salts must be 
almost at a standstill; even during the floods of the monsoon the 


1 3fem., OeoL 8un\ ind,, XXXV. 1902, 42. 

2 Data of Geochemistry : U, S. Oeol, Surv; No. 330. p. 32. 
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amount of chemical action on the I’ocks washed cannot be so greats - 
as that which occurs in a country of perennial springs and evenly ‘ 
distributed rainfall with abundance of life. 

The geologist is accustomed to draw freely on time to explain 
such phenomena as the results of erosion, or the accumulation of 
salts in the ocean and salt lakes. He is, however, not justified 
in asking for more time than his rough data justify, and it appears 
to us that to recount for all the sodium-chloride ir the Sambhar 
Lake wo should bo driven by Mr. IjaToucho’s theory to assurre 
that the present i)hysiographical conditions of the Sambhar basin 
have persisted for a period that would bo c(»nsidered long even by 
a geologist. Taking again F. W. (Harke’s estimate of the amount of 
chlorine in the Earth’s crust'^ and V, Davison’s figure regarding the 
rate at which the rivers of the globe lower their basins,® we should 
require, under existing physiographical conditions, 2(),tM30 years to 
obtain the amount of chlorine in the upper 12 feet of silt under 
the Sambhar Lake. This minimum estimate of lime necessary 
to relieve the quantity of salt in Sambhar is jnobably many times 
below the truth lor the reasons that we assume in this calculation— 

(1) that the Aravalli schists contain as much chlorine as the 

average rocks of the Earth's crust; 

(2) that the average rate of denudation has been maintained 

in an area where we know denuding agencies have been 
extremely feeble during recent times; 

(3) that during denudation complete rock-dccorrposition has 

occurred, and thet all the rocks eroded have yielded 
their full amount of chlorine ; 

(4) that the salt-bearing silt is only J2 feet doepf whereas we 

kno\v that there are further, and jicrhaps larger, quar- 
tities below ; 

(5) that chlorine .makes u]> 0'07 ixjr cent, .d the Earth's 

crust; (’larke states that the estimate is jnobably too 
high. 

These figures have no precise value wliatever: they merely 
show that, when we assume the salt of Sambhar to be the result 
of the simple concentration of the small quantities carried by ordi¬ 
nary fresh river-water, it is necessary to be in a position to niain- 

1 Loc. cU. 

8 0, DavIhuh, tfeoi. ISSU, 409* 
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tain, either that this action has been in progress for very long ages 
without interruption, or that a larger area than the present basin 
has in the past been drained into the Sambhar Lake. The geo¬ 
logist has no riglit to ask for conditions that are not in any 
way indicated by the processes in operation, and it appears to us 
unreasonable to suppose that the amount of salt accumulated in 
Sambhar is the result of the concentration of quantities so small 
as we find in ordinary river-water. 

As it seemed probable that the so-called fresh water of tho 

rivers entering Sambhar carried more 

one oi us suggested the collection of 
sam'ples from the flood-water of the rivers Menda, Kharian, Rup- 
nagar, and Khandel. Sir Richard Dane, then Commissioner of 
Northern India Salt Revenue, who shared our misgivings about 
the theories regarding the origin of the salt in Sambhar, arranged 
to have samples collected at tho beginning of the 1907 monsoon, 
and samples of the early flood-waters were taken similarly in 1908, 
These have been examined by one of us in the Geological Survey 
laboratory. The following table gives the sodium chloride per mil¬ 
lion parts of river-water, calculating all the chlorine present as 
sodium chloride:— 


lb07. I 1908, 


In tho Mencla 1,395 2.},3(K^ 

„ Kharian^ ....... 005 ' 575 

„ Rupnagar ....... 77’0 74*2 

„ Khandel. 10*85 03*8 

The very wide variations in these results have yet to be ex¬ 
plained ; but all four samples of river-water contain so much more 
chlorine than is usual in fresh-water rivers that there is now less 
difficulty in accounting for the immediate origin of the large stocks 
of salt in the Sambhar silt. 

Sir John Murray^ calculates that in nineteen of the large rivers 
of the globe each cubic mile of river-water contains 16,657 tons of 
sodium chloride, 2,462 tons of lithium chloride, and 1,030 tons of 
ammonium chloride. The chlorine in these compounds amounts 


^ ScoU, Oeograjih* Mag; HI, 1887,76, 77. 


1> 
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to 12,840 tons, that is, chlorine sufficient for 21,180 tons of so¬ 
dium chloride. As a cubic mile of river-water weighs about 
4,205,650,000 tons, the chlorine estimated as sodium chloride in the large 
rivers of the globe cannot exceed 5'04 parts per million of river- 
water, This is less than half the amount found in the least saline 
of the Sambhar tributary rivers, and of course very much less 
than that found in the Monda, which is the most important, and 
discharges a larger body of water than any, of the rivers entering 
the Sambhar Tjake. The figures quoted for ordinaiy river-water 
are admittedly approximate, the variations from river to river 
and from time to time in the same river being too great to per¬ 
mit of the preparation of a reliable average. We are safe, how¬ 
ever, in assuming that the rivers entering Sambhar, though stated 
to be fresh, are comparatively saline. 

But we have still to account for the existence of these large 
quantities of salt in the small basin of only 2,200 square miles 
drained into Sambhar. Rock-decomposition is reduced to a mini¬ 
mum hi such a dry (dimato, and the rocks of the basin, being schists 
not rich in alkaline minerals, are of a kind that would be below 
rather than above the average in yielding alkaline chlorides. At 
the higher levels, where the principal salt lakes occur, one would ex¬ 
pect ordinarily that the country would be deficient in salt rather 
than overstocked with it, for no drainage is received from outside 
areas, and nothing contributes to the relief of the chlorides con-' 
tained in the subjacent rocks. 


It is distantly possible that some salt is brought into Rajputana 


Possible subterranean 
liercolatioii from tbe Pun* 
Jab. 


by the water percolating imderground 
from the irrigated areas of*the Punjab. 
Considerable quantities of water are 
obtainable from the sandstones at about 


100 feet below the lignite seam of Palana in Bikaner, that is, about 300 


feet below the surface. It is just possible that this water, and some of 


that in the deep wells throughout Rajputana, comes undergroimd 
from the Pimjab, and the gradual passage of this to the surface 


by capillary attraction would result in the superficial deposition 
of the various dissolved salts as the water dried up. We can sug¬ 
gest no means at present for proving that this is the origin of 
the deep-well water in Rajputana, or that in this way salt is im¬ 
ported to the desert area. It is likely, however, that only the 
areas of lower levels to the north and west of Jodhpur and north 
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of Barmer receive such water, and these are outside the main salt- 
bearing tracts. Sambhar, for instance, is at an elevation of 1,184 
foot and is the bottom of a closed basin of schistose rocks. It is 
not possible, therefore, that any of the water in the Sambhar 
basin can have come from the irrigated lower levels of the Pun¬ 
jab. The same is true of the salt lake of Didwana at an eleva¬ 

tion of about 1,150 feet; Kachor-Rewassa at about 1,590 feet; 
Degana at about 1,200 feet; and the small salt lakes near Kacha- 
wan : all those are within the Aravalli schist area and at com¬ 

paratively high levels. 

Pachbadra, however, is at an. elevation of only 400—500 feet, 
and is outside the Aravalli schist belt; but between it and the 
Punjab there are higher levels of 900—1,000 feet in the region of 
Pokaran and Falodi, while the ground to the north-westwards falls 
away towards the dry valley of the ancient Saraswati (Ghaggar) 
river, and thence down to the valleys of the Sutlej and Indus. 

It is unlikely that any of the underground water in the Pach¬ 
badra area comes from the Punjab region, as whatever water passes 
in this way underground from the irrigated areas of the Punjab 
probably gravitates towards the low ground to the north-west, 
emerging in the valleys of the Ghaggar, Sutlej, and Indus. We are not 
justified, therefore, in assirming that any salt is brought to the high¬ 
lands of Eajputana by subterranean water ; and the quantities are 
far too great to be the result of rock-decomposition within the area. 

The possible occurrence of geologically old rock-salt bods below 

^ ^ the silt and sand has been suggested 

salt deposits. ^ ^ evidences as 

to their occurrence are quite negative. 

Although the subjacent rocks are largely concealed by the great 

mantle of sand, the numerous outcrops exposed on the west of 

the Aravalli range show nothing but schists and crystalline rocks 

over a wide zone, and the nearest unaltered sedimentary rocks 

are of the Vindhyan series, which have never revealed any traces 

of rock-salt. Still further west occur representatives of the num- 

mulitic formations such as we know to be associated with the rock- 

salt deposits of Kohat; but in Rajputana no rock-salt has been 

found with this formation, although they have been cut through 

deeply in the Palana coalfield. In any case, if rock-salt were found 

below the nummulitio rocks of Bikaner they could not have 

contributed to the superficial salt on the crystalline highlands of 

Jodhpur and Jaipur. 
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Professor J. Walther, in his well-known work Dae Gesetz der 
^ Wustenhildung, suggested that the 

Waltlier s theory. generally saline character of desert 

regions is due to the salt in marine formations being brought to the 
surface by capill .ry action to form a supe ficiel efflorescence, which 
is afterwards waslicd by the sudden floods (that also characterise 
desert areas) into tlio lower parts of the desert basin, and there, 
after evaporation of the water, is left as a layer of salt. This 
last part of the process is seen in oil regions of internal drainage 
where desiccation exceeds precipitation. But Walther’s theory 
does not appear to have mot with general acceptance, partly 
because it does not account satisfactorily for th^ large quantities 
required to make enormous rock-salt beds of the kind known, for 
instance at Stassfurt, in Galicia and in North-West India. Even 
for small quantities we cannot accept the theory as applicable to 
most of the salt-lakes on the Rajputana highlands : they rest on 
crystalline rocks, and any salt they yield must be relieved by 
rock-decomposition, and, under the circumstances, must* be a small, 
perhaps neglig'.ble, quantity. 

It occurred to one of us that the last point mentioned by 

Mr. LaTouche, as a contributory 

subordinate km, 

IS m reahty the mam source of salt 
in the Sambhar basin and in the Rajputana region generally,— 
namely, that most of the salt is brought in in the form of fine 
dust by the strong south-west winds that blow across the salt- 
incrusted region of the Rann of Cutch during the months of April, 
May, and June of each year. In another part of his memoir Mr. 
LaTouche refers to the discovery, among the fragments^of carbon¬ 
ate of lime found in the sand, of foraminifera resembling those 
tlmt occur in the Tertiary rocks of Cutch.^ These have been 
found as far inland as 40 miles to the north-cast of Bikaner, or 
500 miles from Cutch, and Mr. LaTouche concludes that they 
must have been carried so far by the wind. He also calls 
atten ion to the angular nature of the small sand grains in the 
Bikaner desert as additional evidence that the wind-borne material 
has undergone only a limited amoimt of attrition, Mr. LaTouche 
has not, however, drawn attention to the difference between the 


1 Wind-blown calcareous rocks largely composed of foraminifera have been found 
in Kathiawar, being similar to the well-known Porebandar stone and of recent 
geological ago (J. W. Evans, Quart. Journ. Geot. 8oc., LVI, 663). 
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heavy grains that are rolled along by the wind^ and thus rounded, 
and the lighter materials that are carried bodily by the wind, and 
thus escape attrition. As granules of sand and carbonate of lime 
can be carried to such considerable distances inland, so also pre¬ 
sumably large quantities of salt must be carried yearly by the south¬ 
west winds which pass over the dry salt plains of Cutch and thence 
into Rajputana. Salt is specifically lighter than the quartz sand 
grains or the granules of carbonate of lime, and its tendency to 
form in skeleton, so-called “ hopper shaped,” crystals, renders it 
more likely to bo lifted by the wind. 

The force and direction of the strong winds are shown by the 

Prcvai Ii ng wi iids. configuration of tl: e sand-hills. The 

sand-hills marked on quarter sheets 

Nos. 11 N.W. and N.E. and 10 S.E. are long parallel ridges 

aligned in a S.W.—N.E. direction, while further N.E., where the 
force of the wind is reduced, the sand-hills shown in quarter sheets 
Nos. 19 N.E. and 18 S.E. have main ridges running N.W.—S.E, 
with subsidiary ridges on the windward side, pointing S.W. These 
interesting differences between the two classes of sand-hills have 


been explained and illustrated by Mr. R. D. Oldham in the 2nd 
edition of the Manual of Indian Geology (page 456). The longitu¬ 
dinal ridges are formed in the area of very strong winds, while 
the transverse ridges are formed further N.E. where the force of 
the wind is reduced. 


It thus seemed possible that the salt carried by the south-west 
wind into Rajputana would account for most of that which is 
found impregnated in the soil throughout the desert region. By 
the floods formed during each monsoon this salt would be washed into 
certain local depressions and thus give rise to the numerous salt lakes. 

The numerous accoimts that have been published of the Rann 
of Cutch seem to leave little room for doubt as to the occurrence 
of a large area covered with sand and silt impregnated with dry salt. 
The descriptions by Sir Alexander Bumes in the Transcu^ions of the 
Royal Asiatic Society, VoT. Ill, pages 550 to 558, by A. B. Wynne 
in his Memoir on the Geology of Cutch {Mem., 6eol. Sxtrv. Ind., 
Vol. IX, p, 14), and most recently by Mr. R, Sivewright of 
the Public Works Department of India {Geographical Journal, 
Vol. XXIX, 1907, p. 518), leave no room for doubt as to the 
dry character of the country, the large quantities of superficial 
salts in the sand, and the heavy dust-storms that characterise the 
period of strong winds during the second quarter of the year. 
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The Climatological Atlas of India, issued by the Meteorological 
Department in 1907, shows by the maps forming Plates XXVII et 
seq,, that during April strong winds set in in the E.N.E. direction 
across the delta of the Indus and that strong south-west winds 
pass up the valley of the Luni river, as recorded at the meteorological 
station of Pachbadra, During the same time, westerly winds blow 
in the direction of Mount Abu and Deesa from the neighbourhood 
of the Rann of Cutch. These presumably also carry salt; but, 
as they carry it into an area from which afterwards it is washed 
out by the heavier rain that falls east of the Aravallis, it is car¬ 
ried away by the rivers that flow into the Gulf of Cambay. 
During May, the south-west winds continue from the Cutch area 
into Rajputana, and these are still more pronounced during June. 
As the force of the wind is reduced in the area west of Delhi 
and interrupted by currents from other directions, the effect of 
this north-eastwardly wind during the hot dry weather must be 
practically limited in its salt-bearing capacity to Rajputana and 
the south-west part of the Punjal). The winds maintain similar 
directions, with apparently equal force during July, August, and 
September, but their ability to pick up salt from the salt deserts of 
('utch must bo considerably reduced when the ground becomes wet 
after the break of the monsoon in June. 


That salt is carried by winds blowing from the sea has of course 
« X f long been recognised, and an allow- 

by the wind. ance was made by rroi. J. Joly tor 

the effect of this return of salt to 
the land in his well-known estimate of the age of the Ocean. 

Pine drops of sea-spray become quickly evaporated* when rain 
does not accompany the wind, and the residual particles of salt 
are probably oven more easily transported than the spray. 


The Rivers Pollution (Commission, in their Sixth Report,® noted 
the liability of winds to carry sea-spray,— a point enlarged upon 
by R. Angus Smith,* who showed that the quantity of salt con¬ 
tained in rain water varies with the distance from the coast. Many 
subsequently published “ chlorine maps ” have confirmed the state¬ 
ment. 


1 iSri. Tram*., Ray, Ditf,. Rnr.., VIJ, 1899, p. 23, and fiubsequent disouasion in 
Q€oI. Mag., 1901, atJ-S.'M) und “>94.500. 

2 1808, p, 10. 

3 Air and Kain, p. 20.3. 
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The aeolian origin of salt deposits was suggested by F, Posepny^ 
^ ^ , in 1877 in a paper on the Salt Lakes 

y“a.? Weate™ State, of Amorioa. 

(leiHisits. based his theory on a comparison 

of the amount of salt carried annually 
from Bohemia by the Elbe, with the quantities used for industrial 
and domestic purposes, and emitted by mineral springs, in the 
drainage area of that river. The excess contained in the river-water 
he attributed to salt carried in the air from the sea, quoting an 
analysis of rain-water from Nancy to prove the presence in the air 
of chlorides in sufficient quantity to justify his supposition. On 
applying the figures obtained to the question of the Great Salt 
Lake, he calculated that an amount of salt equal to that in the 
lake would have been deposited in a closed basin of the area of 
Bohemia in six thousand years. 

The suggestion was immediately disputed by E. Tietze,^ who 
pointed out certain flaws in Posepiiy's argument, and concluded 
that the genesis of most salt deposits, and more particularly of 
those in Persia, could bo explained on more old-fashioned assump¬ 
tions. 


The theory advanced by Posepny received little recognition for 
over twenty years. It was revived by W. Ackroyd^ in a number 
of papers on the atmospheric circulation of salt; Ackroyd, who 
studied the chlorine content of the rocks of the neighbourhood, 
concluded that the salt of the Dead Sea must have been carried 
by the wind from the Mediterranean.'^ 


E. Dubois,^ in a recent paper, has discussed quantitatively the 
question of atmospheric transportation, from data concerning the 

amount and composition of the rainfall on a strip of land 31,000 

hectares in extent on the west coast of Holland. He points out 
that computations made from ordinary rainfall statistics and analy¬ 
ses are inadequate for the purpose, as the amount of salt reaching 
the soil in ways other than precipitation by rain is neglected. 
From lysimetric measurements by H, de Bruyn of the water 

percolating through the sand dunes between the Hague and 


1 8iiz, 6. d, k. Akad. Wien, 1878, 179. 

2 Jakrb. der k. k, geol, BeichsaneL, 1877, 341. 

® Chem. New3, 7th Juno 1901, p. 265, and 2ud August 1901, p. 56; Gnif. 
Mag,, 1901, p. 446; cf also J. Joly, Chem, News, 28th Juno 1901, p. 301. 

A Chem, News, 8th January 1904, p. 13. 

® Arch, du Music Teyler, Ser. 2, Vol X, p. 461. 
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Scheveningen, he calculates the total rainfall on the 31,000 hectares 
in question. Assuming that the water derives no impurity from the 
soil, and that analyses of the water used in Amsterdam and the 
Hague, whoso supplies are derived from the belt in question, 
represent the average composition of the water over the whole belt, 
he calculates that 20,000 kg. of salt are annually deposited from 
the atmosphere on each square kilometre. He proceeds to apply 
these figures to the question of the origin of the salt in the Great 
Salt Lake, and calculates from G. K. Gilbert’s^ data that the time 
required for the accumulation of the salt in the Great Salt Lake in 
this manner would be 143,000 years—a period which he regards 
as many tim.es in excess of its probable age. It should be noted, 
however, that Dubois takes the amount of salt in the basin as 
twenty times that estimated by Gilbert to bo contained in the Great 
Salt Lake, and that he assumes that the rate of atm.ospheric trans¬ 
port is only one-fiftieth of that found on the Dutch dunes. 

The transport of salt by the wind is mentioned by J. Walther^ 
as a co-operating factor in the formation of desert salt deposits, 
and by R. Beck"' as a possible source of the chlorine in the corar- 
gyrito of arid regions. The latter question has been fully discussed 
by C. R. Keyes,** who concludes that this hypothesis “ is probably 
more important in the desert regions generally than all of the others 
combined.” 


The suggestion of the wind-borno origin of the Rajputana salt 

^ ‘ deposits was subm.itted for criticism 

Criticisms liy local officers x tn r 4. xr 

of the Salt D^artJlieiit. Department of North- 

ern India bait Revenue with long 
experience of the districts in question. Messrs. G. Buckley and 

G. T. Scully had seen no evidence of salt being carried by the 

wind. Mr. E. D. Nunn, on the contrary, stated that when out 
across country away from the salt works at Sambhar, it is possible 
to taste the salt on one’s lips in the hot windy weather, while 

crystals of salt up to a quarter of an inch in diameter have been 
carried 1,000 yards by the wind at Sambhar itself. The dew, 
too, that collects on the Faras trees in the desert is, according to 
Mr. Nunn, distinctly saline. 


1 U, S, Oeol. SuriKt Mon, I, 

2 Das Oesetz der WttU.enbildung, 1900, 146. 

8 Nature of Ore-deiwflits: TranKlatton by W. H. Weed, Vol. 11, .176. 

4 Trans, Amer, Inst. Min, JSny., January lOOS, p. 28; Keon, Oeol., II, 778. 
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The composition of the brine contained in the Sambhar Lake 

presents no features which are not 
CJoinparisoii of Sanibliar easily explained on this theory. The 
Lake-luilie witli Oceanic following is a typical analysis of the 

wfticrs* .1 1 i • 1 A* Ai_ 

residue obtained on evaporating tne 

lake-brine; the mean of 77 analyses of ocean water^ is given for 

comparison :— 


Na 

K 

Ca 

Mg 

01 

SO4 

CO 3 

Br 


Sambhar Lake. { 
(W. A. K. 
Christie.) 

1 

! Ocean. 

(W. Dittmar, 

t 

( 

38-86 

1 

30-593 

0-09 ; 

1*106 

trace 

1*197 

0-01 1 

3-725 

62-90 ! 

55-292 

5 - 8.5 ! 

7-692 

2-19 

•207 

0 - 04 * 

\ 

1 

‘188 

I 

100-00 ' 

100-000 



The .Sambhar brine contains also traces of NH 4 , Fe, S, SO3, 
BO 3 , P 64 , I and SiOg, 

The chief points of difference in the analyses lie in the excess 
of carbonates and the deficit of potassium, calcium, magnesium and 
bromine in Sambhar brine as compared with sea-water. 

The comparatively large proportion of sodium carbonate is 
probably due to the reduction of sodium sulphate to sulphide® by 
the decomposition of organic matter, which, chiefly in the form 
of algce, abounds in the lake after the rains. The sodium sul¬ 
phide is then acted on by the carbonic acid of the atmosphere, 
reinforced by that liberated by the decomposition of the algae, 
and sodium carbonate is fonr.ed, the sulphuretted hydrogen given 
off* being doubtless to a groat extent responsible for the intoler¬ 
able stench prevalent at Sambhar when the lake is drying up. 
The intense blackness of the lake mud is also due to sulphuretted 
hydrogen, black ferrous sulphide being formed from the iron com¬ 
pounds in solution and suspension. The sodium carbonate formed 


1 Challenger Rep., Phys. and Chem., L, p. 203, 1884. 

2 Determined by Dittniar’s methotl. [bid, p. 91« 

® Cf, E. Sickenberger, CAem. SHeitt 1802, pp. 1646, 1691. Quoted by Clarke, Data 
of Oooohemifstry, p. 194. 

* Na,S + CO, + H,0 - Na,COa ^ H,S. 
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by tho reaction would precipitate from the brine as carbonates 
any <'alcium and magnesium salta introduced as chlorides or sul¬ 
phates. 

According to J. Usiglio,^ when sea-water is evaporated, calcium 
carbonate and sulphate are the first salts to be precipitated. So¬ 
dium chloride, with small quantities of calcium and still smaller 
quantities of magnesium as sulphates and chlorides, crystallises 
next. When 01*3 per cent, of the total sodium chloride has sep¬ 
arated, the bittern still contains 88 per cent- of the original 
magnesium as chloride and sulphate with the greater part of tho 
potassium and the bromine. Apart from the possibility of these 
salts being drained away, we must remember that n\agnesium 
chloride is a very deliquescent substance, so that tho bitterns 
would not be likely to become dry enough to bo transported by the 
wind, whereas the purer salt crystals would. We may thus explain 
the deficit in potassium and bromine found in the lake-brine.^ 

The argument finds some corroboration from a consideration of 
the relative proportions of calcium and magnesium salts in the lake 
mud. We should expect to find the ratio of calc’ium to magne¬ 
sium much greater than in sea-water. The proportion of calcium 
to magnesium in the lake mud, as determined in 190+ by Mr. 
D. Hooper, (.^irator, Industrial Section, Indian Museum, is 28(5; 100. 
Their relative proportions in sea-water are 32 to 100. 

The best test of such a theory would be a series of deterinina- 

.H.*tliiMlofinvestis.atioii. amount of salt liold in 

suspension by tho winds prevailing 

between the salt deposits and the supposed source of origin. Analy¬ 
ses of rain-waters can tell us much, but the fact that they only 
allow us to compute the amount of salt actually in su»pension at 
the commencement of tho fall renders estimates based on them 
valueless except for (qualitative and comparative purposes. 

Rain-storms in desert regions are also often preceded by 
local wind-storms of irregular direction, and as the arrival of tho 
first drops cannot be predicted with absolute certainty, it is im¬ 
possible to be sure that the rain-gauges are not tainted with the 
locally raised saline dust. 

1 Ann. Chim. Phys.t 3rd ser., Vol. 27» p. 186. 

2 The relatiye proportions of iodine in tho ocean and in the Sambhar brine 
are almost the same as those of bromine. Tho iodine found in the Sambhar 
brine residue amounted to 0*00130 per cent. A. Gautier's figure for the total iodine in 
ooean water {O. H., Vol. 12S, p, 1000) is alMiut 0'0070 per cent. 
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With the co-operation of the Meteorological Department, however, 
samples of rain-water were collected from several places in Raj- 
putana at the beginning of the rains in 1909, the arrangement 
made for the collection of such samples in 1908 having been frus¬ 
trated by an unusually early and unexpected burst of the rains. 
Rain was collected at the following places (see map on page 1), 
.faipur, Sambhar, Bikaner, Ajmer, Jodhpur, Pachbadra, Udaipur, 
and Abu. Detailed instructions as to the method of collection 
were issued to the meteorological observers, who were specially 
cautioned about the necessity of having the rain-catching apparatus 
washed immediately previous to the fall with distilled water sent 
for the purpose. 

The results given below arc in parts of chlorine per million :— 





Parts of 

I Dist-ance 

Placi*. 


Dutf. 

chlorine 
jK*r million. 

j from nearest 

1 part of Rnnn 



i 


of Cutrh, 



IfiOb 



Jaipur . 

• 

. June 13th 


310 

Sambliarl 

« 

. June 14th 

e*9K 

280 

Bikanor 

• 

, June 29th 

2 3 

2.M> 

Ajmer . 


. July 1st . . . 

0-31 

230 

Jodhpur 

• 

. Juno 28th 

3-7 

150 

Pachbadra 

• 

. Juno 10th 

6*1 

100 

rdaipur 

• 

June 13th 

0*0 

130 

Abu 

• 

• .liino 13lh . 

1 

O'lO 

SO 


It would not be safe to infer much from such isolated data, 
but comparison with the chlorine maps of the eastern maritime 
provinces of the United States,® in which the isochlor lines run 
nearly parallel with the coast lino, shows that the figures are greatly 
in excess of the normal amount of chlorine found at siniilar dis¬ 
tances from the coast. The curve corresponding wdth 1 *0 part- 
of chlorine per million lies at about 50 miles from tlie Atlantic 
coast, the 0*5 line being about 100 miles distant from, the sea. 

The exceptional lowness of the Abu figure is due partly to the 
fact that the station is about 4,000 feet above sea-level, and partly 
to the prevalence of an easterly wind when the rain fell. 

It is evident that the most reliable evidence on the question 
would be obtained by sampling the hot-weather winds which blow 
steadily in a roughly N.N.E. direction from .the salt-incrusted Rann 

^ The first part of the fall wa.<« not collected. 

S U. S. Geol. Surv., Water Supply and Irrigation Paper No. 
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of Cutch into the Rajputana desert. An attempt was therefore 
made to determine directly the chlorine content of the air in 
Rajputana during the hot weather of 1908. Our first intention 
was to sample the air simultaneously at various places along the 
Cutch-Sambhar route traversed by the hot winds. Various devices 
were tried in the laboratory with the object of finding a method 
of catching salt in the wind sufficiently accurate for the purpose 
of the enquiry, and simple enough to be manipulated by the 
resident observers whose services we hoped to obtain,—amateur 
observers, who would not bo able to devote much time to the work. 

A miniature wind, whoso velocity was determined by a small alu¬ 
minium anemometer, was made by a 16" 
I^aboiatoiy electrician. A stock of finely powdered 

dry salt was kept in a vertical wedge- 
shaped bottle, whose opening at the upper and wider end was closed by 
• a stopper with two holes. Through the one a glass tube coimected 
with a foot bellows reached to the bottom of the flask, through the 
other a delivery tube, cut off just below the cork, conveyed the 
dust in front of the centre of the revolving fan, where it termin¬ 
ated in a “spray nozzle ” such as is used for washing in photography. 
The object of the wedge-shaped bottle was to insure that there 
would always be a sui)ply of dust covering the mouth of the tube 
connected with the blast; that of the “ spray nozzle,” to distribute 
the dust evenly in the plane in which the fan revolved. With this 
apparatus the results obtained by various methods were compared 
with those obtained by aspirating a known volume of the air 
through water. The speed of the wind used in the experiments 
was about 9 miles per hour. 

Two layers of fine muslin mosquito-netting (i5 holes J;o the c.m.), 
placed on a frame one five c.m. behind the other in planes perpendi¬ 
cular to the direction of the wind, and kept moist partly by 
capillary attractior from water in a covered trough below, and 
partly by a distributing reservoir above, showed the air to contain 
7-1 per cent, of the amount determined by aspiration, i.c., 7*1 per 
cent, of the total salt contained in such a quantity of air as 
would have passed the area covered by the netting, had that 
been removed. 

A series of five strips of 9 c.m, broad lamp-wick were set up 
vertically 1 c.m. apart, parallel to one another and to the diroc-* 
tion of the wind. The lower ends of the strips dipped into a 
covered trough of water, the wicks being thus kept moist. The 
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idea, due to Dr. Morris Travers, was that the wind, eddying in 
the passages between the strips, would deposit its salt on them. 
The amount found was H'O per cent, of that determined by the 
aspirator method. 

A lamp-wick, set up vertically in a plane perpendicular to the 
wind direction, with its lower end dipping into water, collected 
8 0 per cent, of the total. A similar wick, dipping into a bottle at 
its lower end, and communicating with a bottle above filled with 
water, was made to act as a slow siphon ; the water flowed from 
the upper to the lower bottle down the wick, keeping it continually 
moist. This recorded an average of 12'6 per cent, of the total 
salt. It was found to be the most convenient method for deter¬ 
mining the relative quantities of salt in the air at different ele¬ 
vations, and will be described more fully later. 

Various other devices,—a glass plate smeared with vaselin,— 
a glass funnel placed with its mouth to the wind, and its bent 
stem dipping into a bottle filled almost to the stem with water,— 
a miniature imitation of rain-washing by means of a dropping- 
bottle, the size of the drops, the number of them falling in a given 
time, and the distance of their fall being known, etc., were tried 
with disappointing results. It was not, of course, to be expected 
that such contrivances would indicate the absolute quantity of 
salt in the wind directly, but the percentage found was surprisingly 
low. If this were constant for one form of apparatus, a factor 
could be introduced into the calculation to give the absolute 
quantities present, but the factor varies with the speed, and—more 
embarrassing—with the gustiness of the wind. 

No method being found at once accurate and simple enough 
for the project of amateur observations along the Cutch-Sambhar 
route, it was decided to use the aspirator method in a series of 
determinations at one place only,—about half way between Sambhar 
and the Bann. 

Various types of aspirator have been devised for such purposes. 
For taking large samples of air, the ordinary method with two 
interchangeable bottles, water flowing from the upper to the lower, 
is too inconvenient to manipulate, while the technical method of 
using a bellows, whose capacity is more or less definitely known, 
was deemed too inaccurate for the purpose. R. Angus Smith' 
recommended a large wide-mouthed bottle with a rubber bellows 


^ Air aad Ram, p. 400. 
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at the top, aud used also a pump driven by a windmill, the num¬ 
ber of whose revolutions was automatically recorded. Similar sug¬ 
gestions were kindly made to us by Mr. W. H. Pickering and the 
late Mr. J. Lomas. O. Hahn^ has described a very portable form 
of aspirator, the self-recording pump of which is worked by a motor 
driven by accumulators. The chief defect of such instruments lies 
in the fact that no matter what resistance tlierc may be to the 
entrance of the air (aud tlm head ” of water in the absorptio?i 
vessels is not constant), the pump will always complete its stroke, 
the pressure in the cylinder, and consequently the quantity of air 
aspirated, being thus rendered indefinite. The windmill methods, 

too, suffer from the defect that, without special regulating contri¬ 
vances, the rate of aspiration in a strong wind would be too great 
for efficient washing, if the apparatus is to Avork at a reasonable 
rate in a gentle breeze. 

The aspirator it was decided to use was of the same tyjje 

. , . as the large gasometers used in gas 

.SSr,' ve.el of galv.„i.ca 

iron (see Plate G) was 90 c.m. high and 
40 c.m. in diameter, with a small horizontal slit 6 c.m. from the 

top. The inner cylindei' was provided with a brass scale on its 
outer surface running from top to bottom, and so graduated that 
when water overflowed through the slit in the outer cylinder, and 
the air in the inner cylinder was under atmospheric pressure, 
the reading on the scale opposite the slit gave the volume of air 
in the gasholder. Two sets of three guide rods each, one inside 
reacliing from the bottom 90 c.m. high, and the other fixed to the 
top of the outer cylinder and reaching upwards for about 90 c.m., 
kept the inner cylinder in position. The latter was raised by 
means of weights attacheil to a ro|)e passing over pulleys supported 
by the outer guide rods. it was fitted at the top with a ther¬ 
mometer and two sto^KJocks, one communicating with a manometer 
and the other with the washing apparatus. The gasometer was 
calibrated by drawing air from it into a graduated glass aspirator. 
The air was freed from salt by making it bubble through water 
in an Erlenmiiyer flask, and then through water contained in a 
Contat-Oockel “ Aufsatz(see PI. 6). It then passed through a 
vertical glass tube with two bulbs before passing by a 5 metre 
rubber tube to the aspirator. The glass tubes in the washing 

X Oe»undhtiisingtnieurf 19UH. p. Km. 

2 Zs. angew* 1899, 920. 
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apparatus, being always covered with moisture inside, helped consid¬ 
erably in the absorption. 

The question arose as to how the air-inlet tube should be placed 
with reference to the direction of the wind. If placed facing the 
wind, a certain amount of salt would be blown in, besides the 
quantity sucked in by the aspirator, whereas, if placed perpendicular¬ 
ly to the wind direction, the tube itself being horizontal, or if 
facing leeward, the amount found would be less than the true 
vplue. A laboratory experiment, with a tube 19*5 m.in. wide 
placed vertically, and a wind blowing at 10 miles an hour carry¬ 
ing salt particles which had passed through a sieve of 36 meshes 
to the c.m., showed that over 50 per cent, of the amount of salt 
found had adventitiously dropped in. 

To avoid these errors, the mouth of the inlet tube was placed 
so that it faced the prevailing direction of the wind, and the 
amount to be deducted on account of salt blown into the washing 
apparatus,—as distinct from that sucked in—determined by means 
of a second apparatus similar to that attached to the aspirator. 
The two were set up close together, their air-inlet tubes being 
parallel to one another. 

This use of a “ blank ” experiment, carried out under the same 
conditions as the other, had the further advantage ol eliminating 
incidental errors,—^arising from impurities in the water used, from 
solution of salts from the storage bottles, etc.,—a more important 
consideration here than in most cases, as the quantities dealt with 
were so minute that a comparatively small error would have 
vitiated the results completely. 

The apparatus was set up in April 1908 near Pachbadra (25® 55' 

Field operations. about 220 miles W.S.W. 

of the Sambhar Lake and some 150 

miles N.E. of the Eann of Cutch. In the neighbourhood of Pach¬ 
badra, as in many other places in the Rajputaua desert, salt is 
recovered from the soil in considerable quantities. The apparatus 
was therefore set up about 3 miles W.S.W. of the circuit bungalow, 
i.e., windward of the pits where salt is manufactured. The wind 
is quite constant during the hot-weather months, so that no con¬ 
tamination from manufactured salt was to be feared. A site was 
selected at the top of the windward end of a long, gently sloping 
dune, running S.S.W.—N.N.E., whose surface sand contained *005 
per cent, of sodium chloride. The aspirator was enclosed in a tent 
placed 5 metres S.E. of the absorption apparatus. 
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The zero mark on the scale having been brought to the level 
of the water at the slit, weights aggregating 46 kg. were put on. 
Water was then poured into the outer cylinder to replace that 
sucked up into the inner one, and prevent air from entering the 
latter from below. Suction was then started by opening the 
stopcock connected with the washing apparatus. The aspirator 
was usually filled in about 20 minutes, when the stopcock was 
closed. The pressure of the air inside was brought to that of 
the atmosphere by removing some of the weights, during which 
operation water overflowed from the slit into a reservoir. As 
soon as the manometer showed the pressure inside and outside 
to be the same, and water ceased to overflow at tlic slit, the read¬ 
ing of the scale at the slit was taken and the temperature of the 
air in the gasholder noted. 

The apparatus was then brought to zero by taking off all 

the weights and removing the themxometer stopper. When the 
water level coincided with zero on the scale, the stopper was 
replaced and aspiration begun again, water beirg poured back from 
the reservoir as soon as the weights had been put on. The ane¬ 
mometer and wind-vane were read at the beginning and end of 
each aspiration. The operations were repeated until two or three 
cubic metres of air, as a rule, had been washed, the absorption 
apparatus being replenished with water from time to time as eva¬ 
poration proceeded. At the end of an experiment, the sohition 
was transferred in the circuit bungalow to a 200 c.c. flask, and 
the separate pieces of the apparatus were carefully washed. The blank 
apparatus received the same treatment as the other.* 

The amount of salt contained in the solution was afterwards 

determined in the Geological Survey 

cJn.cS.’""' ‘k', 

ometne method due to T. W. Richards. 
Without the ncphelometer, the investigation would have been much 
more difficult, if not impossible. The opalescence produced in 
a salt solution of unknown concentration on the addition of sil¬ 

ver nitrate is compared with that produced in a aolutior of known 
strength. The concentrations are varied until they are nearly 

the same, when comparison in the nephelometer gives the ratio 
of the concentration of the known to that of the unknown solution. 

^ T. W. Richards, Proc. Am. Acad., 30, 385, ISOi, 

T. W. Richards & R. C. Wella, Am. (Jhem. Jour., 31, 235, 1004. 

B. C. Wells, Am. Chem. Jour., 35, 00, 1006. 

T. W. Richards, Am. Chem. Jour,, 36, 510, 1906. 



Paet 2.] Holland and Christie : Rajputana Salt Deposits. 176 


The concentration of the solution obtained from a “ blank ” 
experiment was first determined by comparison with a known 
salt solution. The amormt of a standard solution of salt, which 
had to be added to the “ blank ” solution to make it approximatfly 
equal in strength to the solution through which air had been 
aspirated, was then estimated and the similar solutions compared 
in the nepholometer; e.g., a blank solution was found to have a 

If * c% 

concentration of 0‘928 uiorooo sodium chloride; 25 o.c. of this 
with. 0'250 0 . 0 . of sodium chloride, 1 o.c. of uitrio 

acid and 1 o.c. of silver nitrate compared with 25 c.c. of 
the solution through which air had been aspirated + 0*25 o.c. of 
water + 1 c.c. of nitric acid -f- 1 c.c. of silver nitrate 

gave as an average of six readings the ratio of concentrations 

0*940 : 1. The total amount of sodium chloride in the first solu¬ 
tion was 25 X 0-928 x 0*000000585 + 0*25 x 0*0000585 g., i.c., 

*00002819 g. The total in the second was l/0*940 x 0*00002819 g. 
The net amount of salt in 25 c.c. due to aspiration was therefore 
1 0-940 X 0*00002819- 26 x 0*928 x 0*000000585, t.c., -00001642 g., 
and in 200 c.c. 0*0001314 g., which represents the total quantity 
of salt aspirated during the experiment. 

The water used in these determinationf and also in the field 
was redistilled from a still and condenser of Jena glass directly 
into a large glass receiver connected at the top with a cotton wool 
filter and soda lime tower, so that the water came in contact 

with no air which had not been freed from chlorides. The receiver 

was fitted with a siphon delivery tube at whoee end was a 

Jannasoh filtering-tube packed between two perforated platimun 
discs with glass wool, and fitted with a dust-proof stopper. Water 
distilled in an apparatus whose delivery tube was open to the 
atmosphere was found to absorb chlorides from the gas supply in 
sufficient quantity to vitiate the results.' Water obtained in the 
above way after the sti I had been working for a fortnight showed 
with silver nitrate no trace of opalescence when tested in the 
nephelometftr.* 


The results given in the following table show the quantity 

of salt in g. per cubic metre of air. 
The volume of air has in each case 


Results, 


1 rhe qiwntity of hydrochlorio acid formed by oombustion ct the purest 
eloobol obtoineble wos^also not negligible. 
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been reduced to the volume it would occupy at 0°C. and 760 m.m. 
if free from water vapour:— 


No. 

1 

Hours. 

1 

Speed ol 
V Ind, 
miles per 
hour. 

Volume 
aspirated. 
1 •atU*C. 
and 750 
m.m.. dry. 

Total salt 
found, 
erams. 

Grams of 
salt per M* 
of air at 
0«C. and 
760 m.m., 
dry. 


1 

28th-30th April 
1008. 

1 20‘23 

1 

I 

22'0 

1-622 

0001314 

0000810 

Pellgot absorp¬ 
tion tube, 76 
e.m. high. 

2 

3rd and 4(h May 
1908. 

j 1429 

8-4 

1*366 

■0001811 

*0001326 

1 

Srlenmeyer, 16 
c.m. high. 

a 

6th and 6th May 

1 1908. 

8th and 0th May 
1908. 

14‘24 

7-2 

1-469 

! 

-0000003 

‘0000676 

I 

Erlenmeycr, level 
with ground. 

4 

13'28 

13*7 

1 1-445 

r 

1 

*0000.'>.57 

1 ‘0000386 

1 

Brlcnmeycr, 10 
c. m. high. 


10th and 11th 
M ly 1908. 





Ncffatlvo 

quantity. 


6 

12th. 14tli and 
16th May 1008. 

18-72 

17*1 

1*997 

•0001274 

'0000638 

Erlcnmeyor, 75 
c.m. high. 

7 

16tb-2lBt May 
1908. 




1 

j 

Ue terminations 
spoilt In tho 
field. 

8 

23rd-26lb Bfay 
1008. 

21-0 

19-6 

2‘081 

•0000388 

‘OOOU186 

Erlenmeyor, 76 
c.m. high. 

9 

27th-20th May 
1908. 

21*23 

29*6 

2*430 

•C000067 

1 

■0000023 

** 

10 

1 

30th and Olat 
May and Ist 
1908. 

20-77 

24*8 

1 

2*720 

-OOOlOOl 

i 

-0000368 

1* y» 

11 

2Dd-5th Juno 

1908. 

27 07 

30*0 

.3*447 

*000321 

*0000031 

II »| 

12 

0th-8tli Juno 1906 

1967 

36*1 

2*550 

‘000448 

-00017.3 

if 

13 ) 

0th-l2th Juno 

1908. 

26 06 

16-5 

.3*168 

■000620 

1 

■000196 

11 i> 

14 

I3th>16th Juno 
1008. 

25-52 

' 16*3 

3*006 

'000368 1 

-000122 

e 

M »* 

15 

i 

17th. 2lBt, 25th 
and 26th June 
1908. 

22 07 

21'6 

2*620 

-0000302 

-0000115 

Eiienmoyer, 76 
c.m.hlah. 1-64' 
rain, 18th June 
1008. 

16 

1 

27th. 28th and 
30tn June 1908. 

20*13 

22-3 

2*301 

*0000682 

-0000206 

Brlenmeyer, 75 
c.m. high. 

1 

17 

iBt. 3rd. 4th and 
6th July 1908. 

23-20 

10-1 

2-257 

*0004647 

*0002067* 

Brlenmeyer, 75 
c.m. high. 0*2* 
rain, 3rd-4tli 
Juno 1008. 

16 

I3th-I6th July 
1908. 

16-25 

21-7 

1-062 

-0000117 

*0000060 

Brlenmeyer, 75 
c.m. msh. 8*5' 
r^, 7tih*18th 
July 1908. 


Naturally the clearer the atmosphere, the smaller was the 
amount ot salt found. The dustiness of the air depended more 
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on the prevalence of miniature cyclones and on the gustiness 
of the wind than on its high velocity. Cyclones, whose dust-laden 
core is usually only a few yards in diameter, frequently sweep over 
the plains, and larger ones giving rise to blinding dust-storms are 
not xmcommon. Four comparatively small ones were recorded 
in May, 1908, but all took place at night, and samples of the 
air at the time were not obtained. A small one passed over the 
observation station from the south-west on the afternoon of June 
7th ; the amount of salt collected during four days, of which June 
7th was one, was -000175 g. per cubic metre. According to the 
local residents, the air in the hot weather of 1908 was very much 
clearer than usual and the number of dust-storms exceptionally 
small. So pronounced a feature are they of the normal hot weather 
conditions, that the Pachbadra salt manufacturers, in anticipa¬ 
tion of the bad effects of the dust, stop work at the end of April. 
In 1908, an unusual shortage in the output due to heavy rains in 
the previous year caused them to attempt to continue manufacture 
till the rains; and, owing to the exceptional nature of the season, 
the experiment was very successful. Mr. F. Ashton, formerly 
Deputy Commissioner of Northern India Salt Revenue, describes 
the conditions of the hot season as follows :— 

During tbo months of May and Juno, the hard level tracts of country along 
tho Luni river become intensely heated, and the south-west wind, wliich passes 
over these, roaches Pachbadra as a fiery gale laden with dense clouds of heated 
sand. Under these conditions, the thermometer has been known to rise to 122^ 
in the shade, and this temperature, with a gale of wind blowing and the atmos¬ 
phere so thick with flying sand that it is impossible to discern objects at a 
greater distance than 100 yards, is intensely felt.”' 

We may take it then that the amount of salt found in the 
atmosphere in 1908 was less than normal. This is confirmed by 
the records of the Pachbadra meteorological station.^ In 1908, the 
speed of the wind was in defect to the extent of 17-7 per cent, in April, 
of 15*3 per cen , in May, of 9*2 per cent in Jime, and of 43*1 per 
cent, in July when compared with the averages of the previous ten years. 

The amount of chlorine found is dependent to a considerable 

extent on the speed of the wind. 
Halation oi wiud-speed though by no means proportional to 
city ^**®*‘®®^**y^“*f caiia* jg scarcely to bo expected, 

for the dust-raising capacity of a 


1 Jour. Ind. Atf. and Ind., 1001, p. *20. 
S Monthly Weather Review, Calcutta. 
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wind depends much more indirectly on its average speed than on 
the prevalence of gusts of high velocity. A comparatively steady 
wind of low velocity and constant direction serves to a certain 
extent to sieve the salt impregnated grains and salt particles, so 
that the larger ones are at the surface, and also to arrange the 
particles so that they take up positions of maximum stability for 
that wind direction, from which they cannot be dislodged except 
by a wind of considerably greater speed or of different direction. 
As soon as the speed of the wind increases beyond a limiting value 
for a certain size of grain,^ transportation can begin, and any 

small increase beyond this value causes a large increase in the 
transporting power. The deficiency, then, in the speed of the 
wrind in 1908 may mean a considerable deficit in the amount of 
salt transported. 

The effect of a high wind in raising salt dust may not reach 
a maximum until after the wind lias commenced to subside ; 

the observations from May 30th to Jime 11th illustrate this. 

An attempt was also made to compare the amount of salt in 

the air at different heights. For this 

dlfferenra^lVitu^^^ purpose, two pieces of apparatus like 

that shown in Plate 7 were fitted up at 

different elevations. A piece of lamp wick 2*65 c.m. broad, whose 
end reached to the bottom of a 50 c.c. bottle, was somewhat 
loosely clamped in position by means of two hemicylindrical 

parafl^ed corks about 2*7 c.m. wide, fitting the mouth of the 

bottle. The mck from the bottle was passed over a rubber 

roller 5, and thence vertically down to the bottom of a second 
bottle similar to the first one, in which it was similarly fixed. 
Distilled water placed in the upper bottle siphoijed over into 

the lower one in about IJ hours, keeping the wick moist even in 
a high wind. All the wick, with the exception of 9*8 c.m. from 
X to y, was enclosed either in the bottles or in the wooden box 
B, through a narrow slit 8 in the bottom of which it protruded. 
The apparatus was mounted on the bearings MM to act like a 
wind vane, so that an area of 9*8 x 2*65 c.m.* was exposed 
perpendicularly to the direction of the wind. The height of the 
apparatus could be increased by means of extra pieces of gas pip¬ 
ing P. As soon as the distilled water from the upper bottle had 

1 For grains 0*25 m.m. in diameter for instance, the limiting velocity is 6*7 tn. 
per see. N.A Sokobw, Dio Diincn, Berlin, 1804, p. 12. 

S Monthly Weather Keview, Calcutta. 
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siphoned over into the lower one, they were interchanged without 
removing the wick from either bottle, and the experiment continued. 
The bottles were replenished with distilled water from time to time 
through a small hole in the “ leeward ” cork. 

At the conclusion of an experiment the wick was transferred 
by means of glass rods to one of the bottles and the salt extracted 
from it by repeated washing with distilled water ; the solution was 
made up to either 200 or 250 c.c, and the chlorine determined 
nephelometrically, the two samples collected at the same time being 
determined together as described on page 174. 

Laboratory experiments showed that, with a wind of 10 miles 
per hour, the apparatus absorbed on an average 12*6 per cent, 
of the total as determined by aspiration. The greater the force 
of the wind, the less efficient was the apparatus in extracting 

the salt from it, presumably from causes similar to those which 
preveni the formation, in a wind-swept sandy plain, of a bank of 
sand immediately windward of a solid obstacle—the development 
of eddies and counter-currents,^ Comparative experiments in the 
laboratory with a similar apparatus and an aspirator showed, for 
instance, that a decrease of 48 per cent, in the speed of the 
wind (from 15 to 7* ’ iles per hour) raised the “ absorptive 
efficiency ” by 12 per cent, of its value at the higher speed. 

The co-efficients of absorption used in calculating the values given 
below therefore varied slightly, the efficiency of the higher appara¬ 
tus being less than that of the lower one because the speed of the 
wind increases with elevation. 

The conditions of such experiments, however, are by no means 
strictly comparable with those of nature. S. P. Langley* has 

shown that in a wind of about 23 miles an hour, which would 
ordinarily be considered constant, enormous fluctuations occur many 
times per minute, the average interval from a maximum to a 
minimum being a little over 10 seconds, and the average change 
of velocity in this time being about 10 miles an hour. Owing 

to such considerations and to the difficulties of manipulation of 
the apparatus, the results given below can only be regarded as 
rough approximations. The figures have little absolute sigm- 
ficance, but a relative one in so far as the assumption is justified 


1 Of. P. Gerhardt, Diiueubau, Berlin, 1900, P. 328. 

8 xbe Litemal Work of the Wind, Am, J. Set., 3, XLVIl, 50. 
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hat similar conditions obtain at elevations not differing widel 
om one another. 


Dates. 

HelRht 
of appa¬ 
ratus, 
c.m. 

Speed 
of wind, 
mllea i 
per hour 

Total aalt 
collected, 
Rrama. 

Total salt found 
at 76 c.m.slUO. 
Total amounts 
found at dlltercnt 
hoiRhts are 
expressed In 
IKTccntages of 
thlH. 

Grams of salt 
per M* of air at 
0*0. and 760 
m.m., dry. 

Amount of salt 
found per M* at 
75 c.m.a^tlOO. 
Amount found 
porM* at different 
heights arc ex¬ 
pressed in percent¬ 
ages of this. 

12th-15th and 
17th-10tb 

July 1908. 

75 

1116 

0 001724 

( 

1 

i 1 

1 loo 

00000880 

1 

100 

12th*l5th and 
17th-10th 

July 1908. 

160 

1 

1 

j 1 

13 07 

0'001674 1 

1 

j 

91 

■0000070.*4 

79 

2Mh and 2dtb 
July 1908. 

76 

4-73 

0*000507 

100 

0000263 

100 

26th and 26th 
July 1008. 

226 

1 

6'92 

0*000733 

123 

'0000210 

89 

27th and 28th 
July 1008. 

75 

7’41 

0'OUU063 

100 

*0000160 

100 

27th and 28th 
July 1008. 

300 

1 

1 

1 

11'70 

0'000780 

118 

*0000117 

80 

1 


Though the amount of salt per cubic metre of air is greater 
at lower levels, the quantity transported in a given time—and 
it is with that we are concerned, — shows no diminution with 
increase of elevation, on account of the greater velocity of the 
wind. This increase of speed is not confined to the layers of 
the atmosphere immediately above the surface, but persists to 
great heights.^ Once the finer particles of dust have reached these 
upper layers, either by an upward gust of wind or by a small 
cyclonic disturbance, they seem to be held in suspension for con¬ 
siderable periods and distances. S. P. Langley* ha^ shown that 
there is nothing dynamically inexplicable in bodies being ab^e to 
rise against gravity or to remain suspended in the air provided 
the speed of the wind is variable; Vaughan Cornish* has suggested 
an electrical theory to account for the phenomenon; but whatever 
be the true explanation it is certain that large quantities of salt 
must be transported in this way. 


son. J- Scot. Meterolng. Soe., 6., Tab. IX and XI-LXiff 

O. T. Walker. Rep. Bd. of Rri. Adv. of Tnd., 1907-08. Calcutta, p. ISa 
S Loc. ciLt p. 53. 

9 Oeog. Jour. XXXI. p. 402. 
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Chlorine has been found in the atmosphere at considerable 
heights; A. Muntz^ found 0'34 m.g. of sodium chloride per litre 
in rain water collected on the Pic du Midi in the Pyrenees, 2,877 m. 
high. The amount is certainly very much less than what 
Muntz found in rain water falling in the plains at Bergerac, some 
200 k.m. north (2 50 g. per 1.), but evidently the chlorine con¬ 
tent of the atmosphere at 3,000 m. is by no means negligible. 

It is impossible with the data available to get even an approxi- 

. mate figure for the amount of salt 
iiiiiinary o esults. transpoited per annum, as we do not 

know what goes on in the higher regions of the atmosphere. To 
get' a rough idea of the quantities involved, let us assume that 
all the salt transported is carried in the lowest 100 metre layer,— 
in which we make a large negative error,—and that the amount 
of salt per unit volume throughout this layer is the same as that 
found 75 c.m. above the ground,—in which we probably make a 
positive error less than the first, and let us find how much salt 
would bo transported per annum over an area equal to the drainage 
area of the Sambhar Lake. If we take the average of the 
aspirator determinations at 75 c.m. from 12th May till the break 
of the rains, we find it to be 0-0000885 g. per m’', at 0°C. and 
700 m.m.—say 0-0000774 at 35°C. and 750 m.m. The Sambhar 
catchment area is about 2,200 square miles ; assuming i circular, 
the diameter is 85,000 metres. If wo assume the transport of salt 
to go on for 12 hours a day for four months at the average 
speed recorded during the experiments in question (23*6 miles per 
hourb we find 23-6 x 1,609 x 4 x 30 x 12 metres to be the 
length, as it were, of the prism of air in question; its width is 
85,000 metres; its height 100 metres. We have, therefore, for the 
amount of salt transported 85,000 x 23'6 x 1,609 x 4 x 30 x 
12 X 100 X 0*0000774 grams = 36,000 metric tons. If we take a 
front of 300 k.m., we find that 130,000 tons would be transported 
into Rajputana each hot weather. 

As the speed of the wind, more especially in the neighbourhood 
of Sambhar than at Pachbadra, falls off to a very gentle breeze 
at night the salt in suspension in the air has a chance of being 
deposited; once deposited, it is less likely to be retransported than 
at places nearer the coast where the winds are considerably stronger. 

1 ComntM Rtndua^ CXIl (1891), 448. 

S Qtog, Jcmr. XXXI, p. 402. 
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Sometimes in the hot weather, the wind is sufficiently strong 
to traverse the distance from the Rann to Sambhar in 12 hours, 
but, as a rule, the particles must be transported by stages. Let 
us assume, postulating as before no precision, that half of the salt 
in suspension over the Sambhar drainage area when the wind falls 
in the evening is precipitated overnight and that none is precipi¬ 
tated in the daytime. Tn the four hot weather months this would 
amount to some 3,000 tons, and in 18,000 years to 55,000,000 tons, 
the amount contained in the upper 12 feet of the Sambliar silt. 
The figures, of course, have no precise value, but they give some 
crude idea of the quantities involved. 

The results have an important bearing on current theories re- 

Application of C\plana garding the origin of the numerous 
tion to ancient rock-salt rock-salt deposits that are found in 
deposits. strata of widely varpng ages in diff¬ 

erent parts of the world. Such deposits are generally regarded 
as due, cither to the drying up of large inland lakes and conse¬ 
quent concentration of their saline constituents, or to the similar 
concentration of bodies of sea-water cut off wholly or partially from 
the general body of the ocean. The latter explanation is more gene¬ 
rally adopted to account for the thick and repeated beds of salt 
with alternations of gypsum. As wide desert areas are commonly 
arer.s of low barometric pressure, and towards which consequently 
strong wip,ds blow from outside, the theory of Po.sepny may be of 
wide application. Many of the rock-salt deposits of the world are 
accompanied by signs of desert phenomena, but these do not necessarily 
imply that the salt dopositp were not formed by the concentration 
of bodies of sea-water, for obviously the one condition neces¬ 
sary for the rapid evaporation of partially isolated* baains of 
sea-water is a climate so dry that there arc few or no fresh¬ 
water rivers entering such basins. Deposits of salt laid down 
in such basins, must, therefore, be found within close range of 
areas affected by desert conditions, although the salt deposits are 
not necessarily laid down within the desert area in the manner 
exemplified in the Rajputana region. 

Though it has been proved that large quantities of salt are 
carried into Rajputana by the wind, this explanation cannot be 
applied widely to the rock-salt deposits of the past without danger 
of confusing cause and effect. In the great Persian deserts—^the 
Dasht-i-Eavir and Dasht-i-Lut—there b now possibly an influx 
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of salt-bearing wind from the north-west and from the south-east; 
but the topography of the country suggests that this great belt 
of desert regions is a part of the Caspian depression in which a 
remnant of the ocean is in course of concentration ; the salt marshes 
of the Russian steppes are probably the north-westward con¬ 
tinuation of this depression. In the Persian area, therefore, it 
is not necessarily the desert conditions that have caused the 
accumulation of salt, but the salt left in other ways has probably 
assisted in the development of desert phenomena. 

The connection between desert phenomena and the British 
Triassic rock-salt deposits has recently been reviewed and developed 
by the late Mr. J. Lomas.^ Some of the features characteristic of 
the British Trias as well as of other rock-salt bearing formations 
which have been recognized in Rajputana have been mentioned in 
the previous pages. It is necessary, however, to make special 
mention of the gypsum which so constantly accompanies rock-salt. 
This mineral not only occurs as isolated crystals in saline lake silts, 
but in parts of Rejputane, as at Mangalore in Jodhpur State and 
at tlamsar in Bikaner, it forms extensive deposits 3 to 5 feet 
thick, sufficiently pure to permit of wholesale quarrying. An 
occurrence of gypsum not unlike these in Rajputana is mentioned 
by Munzinger^ in the great salt basin to the east of the Abyssinian 
mountains. 

Nodular carbonate of lime (hankar) occurs commonly in the 
Rajputana desert region, but as this substance is also common in 
alluvial deposits like those of the Indo-Gangetic plain, it is not 
peculiar to desert regions. 

Conclusions. 

It has now been shown by actual observation during the 
hot weather that large quantities of sodium chloride in the form of 
fine dry dust are carried into the desert region of Rajputana from 
the south-south-west. Concluding from the daily observations made 
at Pachbadra (25^ 55' N., 72*^ 11' E.) during the hot weather of 
1908, the amount of salt passing a front 300 k.m. broad and 
100 m. high during the four hot weather months might be 

1 Rep, Brit. 1906, 674, and Proc. Liverpool OeoL Boe.» 1()06«<»7 nn 

172-197. 

^ Qeogr. Jour., 1S69, p. 188. 
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indicated as 130,000 tons. The hot weather of 1908 was a season 
of iinusnally weak winds, and this figure (which has little more 
than qualitative value) is probably well below the annual 
average influx of salt dust. 

When it is known that these hot winds blow steadily towards 
tlie north-north-east for three or four months every year, tliat they 
arc strongest (often attaining the speed of gales) during the day¬ 
time when the salt dust is dried by the scorching sun under a 
cloudless sky, that there is no reflux and very littk? variation in 
direction, with a gr^^dually din\inishing speed as the heart of the 
desert is approached, and that the period of hot, dry, southerly 
winds is followed always by a doAvnpour of rain, with the forma¬ 
tion of a lake in each small area of iulenial drainage in the Itaj- 

putana desert, it is easy to account for the great accumulations 

of saline silt which arc loft after the annual desiccation of the salt 
lakes. 

These winds from the soutli-soutli-wcst bk)\v over the arm of 
the sea knowp as the Ruin (»f Cutch, which is covered with a 

layer of white salt during the hot, dry season. Kvery disturbance 

ot this crust by pedestrians and animals helps to form the salt 
dust which is watted away towards Rajputana. The winds blow 
strongly in the daytime, w’ith a lull at nights, but the movement 
is all in one direction at the time of year when the dust is dry 
and can bo carried most easily; and there is no set-back until 
after the monsoon period of rain when all the finely divided salt 
dust that may* haye reached the heart of the desert is waslied 
into the hollows oc;<mpied by brine lakes. The strength of thest 
winds is indicated by the fact that small foraminifera have been 
carried bedily (not rolled) as far as 500 miles inlafld from the 
C 9 ast of Cutch. 

An idea of the quantities of salt to be accounted for h is been obt lin- 
(‘d bv a special examination of the Sarabliar Lake : the silt of this 
lake partly fills a depression in the Aravalli schist “country”: 
it has been shown by two borings that the silt is about 70 feet 
thick in places, and, as the result of detailed sampling at regular 
intervals, it has been shown that the uppermost 12 feet of this 
silt over an area of 68 square miles includes 55,000,000 tons of 
sodium chloride. There are many other smaller salt lakes of the 
iSambhar type on the Rajputana highlands, and there may be many 
such bodies of silt buried under the mantle of sand. 
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We consider that the action of the wind alone is sufficient to 
account for the large accumulations of salt in Rajputana. The 
instance is one of special importance from the circumstance that 
on the Raj putaiia highlands no other explanation offered will 
accoiuit for any but unimportant quantities of salt; there are no 
inflowing large rivers; there are no traces of ancient rock-salt 
deposits; no known saline springs; no likelihood of subterranean 
water rising to the surface; no probable connection throughout 
most of the area lying on the crystalline schists with the water 
which is possibly percolating imderground from the lower-lying 
Punjab plains towards the still lower depression of the Indus valley. 

While admitting that rock-salt deposits may be formed in other 
ways also, our observations in Rajputana go far to strengthen 
the evidences gathered by the late J. Lomas and others to show 
that majiy rock-salt depcisits, like those in the British Trias, are 
dependent on tlesert comlitions. Large desert jireas are regions 
of indraught during the hot dry si'asons when any salt available 
is easily ])ulveris(Ml. Where there are regions of internal drainage 
the salt boeomes ‘"tixed” in local hollow’^s after rain. In the Raj¬ 
putana salt-lake region wo find deposits of gypsum, nodular lime¬ 
stone, and plano-convex lenticular masses of calcareous mud stained 
black with ferrous sulphide, which, on oxidation, would give rise 
to the rod colour so characteristic of the marls and sands associ¬ 
ated with rock-salt deposits. 

The well-known estimate of the age of the ocean made by 
Prof. .1, ,loly included a ten per cent, correction due to the 
s(ar salt carried inland by winds anil brought down by rain to 
add to the quantity carried to the ocean by rivers. References 
to the salt carried inland by sea-breezes have generally as¬ 
sumed that the principal quantities leave the ocean as fine 
spray; but it appears from our observations that under special 
conditions like those in Western India, where a desert region forms 
the hinterland of a salt-incrusted temporary arm of the sea, far 
larger quantities of sea salt may be carried inland as finely divided 
dust. It is impossible, however, to say from our results that Prof. 
Joly’s allowance for sea-salt in river-waters should be materially 
increased. 

The process by which the salt is formed in the Rann of Cutch 
tends to eliminate the rarer and more soluble magnesium and 
potassium salts leaving the wind-borne chloride to be more 
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purely that of sodium than would be the result of an inland trans¬ 
portation of simple sea spray. The iodine and bromine in the 
Sambhar brines are found to be in a smaller ratio to the chlorine 
than in sea-water, possibly for a similar reason, but these two 
halogens bear just the same ratio to one another as in the sea. 
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MISCELLANEOUS NOTES. 

Corrective note on the fossil described under the pro* 
visional name ** Twingonia,” from the Pegu beds 
Miocene ”) of Burma. 

It has been found by Mr. Bankim Bchari Gupta, Museum Assist¬ 
ant, that the fossil temporarily named “ Twingouia ” and described 
in Rec.y GeoL Surv. India, Vol, XXXVI, Part 3, pp. 138—139, as resem¬ 
bling more than anything else some foraminifer allied to Orhiloides, is 
identical with some fish otoliths discovered by Dr. Noetling. The 
form I described has been taken for a nunimiilite and does bear an 
accidental re.scinblance ia shape and occasionally in structure to the 
Suinmulinidoi. Dr. Noetling, seemingly, did not at the time consider 
it of sufficient importance to warrant a description, and merely referred 
to it as *''■ Otolilhus sp.” {Palmont. Ind., new scries, Vol. I, Part 3, 
p. 37(5), stating that it aiJparently differed from any of the forms 
described by Dr. Koken in his monograph d. Deutsch. OeoL 

(resells., Vol. XXXVl, 1881, p. 500). His two figures are small, and 
owing to the paucity of external features in the fossil, convey very 
little impression of its characteristics. By a regrettable oversight 
I must have overlooked his type-specimen. The name “Twingouia” 
was never intended to have any necessarily generic significance, and, 
petuling further research, might still be used provisionally with advan¬ 
tage. Since attention was drawn to it, specimens have been reported 
from inanv localities in Burma. 


IE. H. P.vscoE.l 
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Pat^ f (ptt* of Rockf of tho Lowoir Godavari. ' Atgarh ^n4»ton«a * iioar Cuttack. 

IPosail flotaa in India. New or rare mammala from the Siwaliks. Arrau Bones in 
Korth-eaetern Rajputana. Borings for coal in India. Geology of India. _ 

Par^ $ (out of print). —Tertiary zone and underlying rocks in North-west Punjab. Fossil 
llorag in India. Erratics in Potwar. Coal explorations in Darjiling district. Lime¬ 
stones in neighbourhood of Barakar. Forms of blowing*machine used by ainiths of 
Upper Assam. Analyses of Raniganj coals. . . 

Part of Mabanadi basin and its vicinity. Diamonds, gold, and lead ores of 

Sambalpur district. * Eiyon Comp. Barrovensis,* McCoy, from Sripermatar^ group 
near Madras. Fossil floras in India. The Blaini group and * Central Gneiss ’ in 
Simla Himalayas. Tertiaries of North-West Punjab. Genera Chceromeryx and 
Bb^atherium. 

Vox,. XI. 1878. 

Part 1. —Annual report for 1877. Geology of Upper Godavari b^in, between river 
Wardha and G^avari, near Sironeba. Geology of Kashmir, Kishtwar, and Pan^i. 
S'iwaHk mammals. Palaeontological relations of Gondwana system. * Erratics in 
Punjab.* 

Pott ;?.-^'^eology of Sind (second notice). Origin of Kumaun lakes. Trip over Milam 
Passt Kumaun. Mud volcanoes of llamri and Cheduba. Mineral resources of Bamri, 
Chednba and adjacent islands. 

Part industry in Wynaad. Upper Gondwana series in Trichinopoly and Nellore' 

Kistna districts. Senarmontite from Sarawak. 

Part .(.-geographical distribution of fossil organisms in India. Submerged forest on 
Bombay island. 

VoL. XII, 1879 

Part i.—Annual report for 1878. Geology of Kashmir (third notice). Siwalik mammalia. 
Siwalik birds. Tour through Hangrang and Spiti. Mud eruption in Ramri Island 
(Aiakan). Braonite, with Rhodonite, fnmi Naapur, Central Provimo.*^. Palaeontologi¬ 
cal notes from Satpura coal-basin. Coal iinportatione into India. 

Part 2. —Mohpani coal-field. Pyrolnsite with Psilomelane at Gosalpnr, Jabalpur district, 
(reological reconnaissance from Indus at Kushalgarh to Knrram at Thai on Afghan 
frontier. Geology of Upper Punjab. 

Part S. —Geological features of northern Madura, Pudukota State, and southern parts of 
Tanjoro and Triehinopolv districts included within limits of sheet 80 of Indian AUas. 
CreUceous fossils from Tfriohinopoly district, collected in 1877-78. Sphenophyllum and 
other Equisetacofls with reference to Indian form Trizygia Speciosa, Royle* (Rpheno- 
phyllam Trizygia, Ung.). Mysorin and Atacainite from Nellore district. Corundum 
from Khasi Hills. Joga neighbourhood and old mines on Norbudda. 

Part —' Attock Slates ’ and^heir probable gcoloffical position. Marginal bone undo- 
scribed tortoise, from Upper Siwaliks, near Nila, in Potwar, Punjab. Geology of 
North Arcot district. Road section from Murree to Abhottabad. 

VoL. XIII, 1880- 

Part I. —Annual report for 1879. Geology of Upper Godavari basin in neighbourhood of 
Sironcha. Geology of I^adak and neighbmiring districts. Teeth of fossil fishes from 
Ramri Island and Punjab. Fossil genera Koggerathi;!. Stbg., Noggerathiopsis, Fstm , 
and Rhiptozamites, ScJimalh., in palfuozoic and secondary rocks of Europe, Asia, and 
Australia. Ifosail plants from Kattywar, Shekh Budin, and Sirgujah. Volanic foei 
of eruption in Konkon. 

Part $.—Geological notes. Palaeontological notes on lower trias of Himalayas. Artesian 
wells at Pondicherry, and ptiesibility of finding sources of water-supply at Madr.as. 

Part 9 ,—Kumaun lakes. Colt of palieolithio in Punjab, PidaeontoIogicAl notes from 
Karharbart and South Bewa coal-fields. Correlation of Gondwana lloru with other 
floras. Artesian welh at Pondicherry. Salt In Rajputana Gas and mud eruptions 
on Arakan const on 12th March 1879 and in June 1843. 

Part ^.-^Pleistocene deposits of Northern Punjab, and evidence they afford of extreme 
climate during portion of that period. Useful minerals of Arvali region. Correlation 
of Gondwana flora with that of Australia coal-hearing system. Reh or alkali soils 
and saline well waters. Reh soils of Upper India. Naiui Tal landslip. 18th Sentem- 
ber 1880 . 

Vot. XIV, 1881. 

Part i.-^Annual r^ort for 1880. Onohfff of part of Dardistan, Baltistan, and neighbonr- 
ing districts. Siwalik carnivora. &waHk group of Siib-Himalayan region, ^uth 
Bewah Gondwana basin. Ferruginous beds associated with basaltic rocks of north- 
wtera Ulster, in relation to Indian laterite. Bajmahal plants. Travelled blocks of 
ibe Pnniab. Afipendix to ' Palssontologloa! notes on lower tries of Himal^aa.* Mam- 
n^tiaa foMila from. Parka Island* 



Part 9. —Nahan-Siwalik unconformity in North-Western Himalaya. Gondwana verte-. 
brates. Ossiferous beds of Hundes in Tibet. Mining records and mining record office 
of Great Britain; and Coal and Metalliforous Minos Act of 1872 (Englana). Cobaltite 
and danaite from Khetri mine8» Hajputana; with Temarks on Jaipuritc (iSyepoorite). 
Zinc-ore (Smithsonite and Blende) with barytes in Kurnul district^ Madras. Mud 
eruption in island of Chednba. 

Part S .—Artesian borings in India. Oligoclase granite at Wangtu on Sutlej, North-West 
Himalayas. Fish-palate from Siwaliks. Palaeontological notes from Hazaribagh and 
Tjohardapfga distri^s. Fossil carnivora from Siwalik hills. 

Part Unincation of geological nomenclature and cartography. Geology of Arvali region, 
central and eastern. Native antimony obtained at Pnlo Obin, near Singapore. Tur- 
gite from Juggiapett, Kistnah district, and zinc carbonate from Karnul, Madras. 
Section from lialhoasie to Pangi, vid Sach Pass. South Rewah Gondwana basin. 
Submerged forest on Bombay Island. 

Vot. XV. 1882. 

Part 1 {out of Annual report for 1881. Geology of North-West Kashmir and 

Khagan, Gondwana labyrinthodontp. Siwnlik and Jamna mammals. Geology of 
DalKonsie, North-West Himalaya. Pnlni leaves from (Uirtiary) Miirree and Kasauli 
beds in India. Iridosrnine frrmi Noa-Dihin*; river. Upper Assam, and Platinum from 
Chutia Nagpur. On (1) copper mine near Yongri hill, Darjiling district; (2) arsenical 
pyrites in a.-ime neighbourhood; (3) koalin nt Darjiling. Analyses of coal and fire-clay 
from Makurn coal field, Upper Afsam. Experiments on coni of Find Dadun Khan. 
Salt-range, with reforence to production of gas, made April 29th, 1881. Proceedings 
of International Congress of Bologna. 

Part 7 {out of Geology of Travancorc State. Warkilli beds and reported asso¬ 

ciated deposits at Quilon, in Tiavanrore. Siwnlik and Narbada fo.s{nl.s. Coal bearing 
rocks of Upper Her and M.ind rivers in Western Chutia Nagpur. Pench river coal¬ 
field in Chhindwara district. Central Provinces. Borings for coal at Engsein, British 
Burma. Sapphires in Noi’th-We.stern Himalaya. Eruption of mud volcanoes in 
Cheduba. 

Part S. —Coal of Mach (Much) in Bolan Pass, and of Sharigh on Harnat route between 
Sibi and Quetta. Crystals of stilhite from Weptern Ghats, Bombay. Traps of Darang 
and Mandi in North Western Himalayas. Connexion between Hazara and Kashmir 
series. TTjjiaria coal field (Smith Rewah Oondw.ana basin). Daranggiri coaMiclcl, 
Garo Hills, Assam. Coal in Myanoung division, Henzada district. 

Part 4 {out of print). —Gold-fields of Mysore. Borings for coal at Bcddadanol, Godavari 
district, in 1874. Supposed occurrence of coal on Kisina. 

VoL. XVI, 1883. 

Part /.—Annual report for 1882. Richthofonia, Kays (Anomia Lnwrenciana, Koninck). 
Geology of South Travancore, Geology of Chamba. Bnsalte of Bombay. 

Part 9. —Synopsia of fossil vertebratn of India. Bijori Lahyrinthodont. Skull of Hippo* 
therium antilopinum. Iron ores, and subsidiary materials for manufacture of iron, in 
north-eastern part of Jabalpur district. Lnterite and other manganese-ore occurring 
at Gosnlpore, .Ttib.*ilpur di?tn<-t. Umoria coal-field. 

Part S. —Mlcrosconic structure of some Dalhousie rocks. Lavas of. A den. Probable ocrtir- 
renco of Siwalik strata in China and Japan. Mastodon angustidons in India. Traverse 
between .Almora and Mussooree. Cretaceous coal-measures at Borsora, in Khasia Hilk, 
near Tisonr, in Sylhet. 

Part 4-—Palwontnlogical notes from Paltimgani and Hnt.ar coal-fields In Chota Nagnnr. 
Himalayas. Traverse through Eastern Kbasia, Jaintia. and North Cachar Hills 
ture of some Suh-HimRlayan rocks of tertiary ago. Geology of Jnunsar and Lower 
Altered basalts of Dslhowsie region in North-Western Himalayas. Microscopic struc- 
Native lead from Manhnain and chromite from the Andaman Islands. Fiery eruntion 
from one of mud volanoee of Cheduba Island, Arakan. Irrigation from wells in 
North-Western Provinces and Oiidh. 

VoL. XVri. 1884, 

Part 7.—Annual report for 1883. Smooth-water anchorages or mud-banks of Narrakal and 
Alleppy on Travancore coast. Billn Surgam and other caves in Kumool district- 
Oeology of Chuari and Sihunta pargan*;8 of Chamba. Lyttonia, Waagen, is Knliog 
series of Kashmir. 

Part 9 , —^Earth<]uake of Slst Deoeraber 1681 Mioroscopio structure of some Himalayan 
muites and gneiasose granites, Choi coal exploration. Re*ditcovery of fossils in 
Siwalik beds. Mineral resources of the Andaman Islands in neighbourhood of Port 
Dlair. Intertrappean beds in Deccan and Laramie group in Westem North Amerioa. 

10 



Pmt S (ouf. of ;7nn/).—Microscopic structure of some Arvali vo<lt5. Section along Indus 
from Peshawar Valley to Salt-range, Sites for boring in Baigarh-Hingir coal-field 
(first notke). Lignite near liaipore. Central Provinces. Turciuoise of Nish^pur, 

Khorassan. Fieiy eruption from Mlnbyin mud volcano of Oheduba Island, Arakati. 
Langrin coal-field, South-WesUini Khasia Hills. Cinuria coal-field. 

Part 4- —Goo^ci^y of part of Gangasulan pargana of British Garhwal. Slates and schisU 
imbedded in gneissoee granite of North-West Himalayas. Geology of Takht-i-Sulei- 
man.^ Smooth-water anchorages of Travancore coast. Antiferous sands of the Snban* 
fiiri river. Pondicherry lignite, and phospbatic; locks at Musuri. Hillu iSorgam caves. 

Vot. XViri, 1885. 

Part /.“Annual report for 1884. Country between Singareni coal-field and Kistna river. 
Geological sketch of country between Singareui coal-field and Hyderabad. Coal and 
limej-tono in Dolgriing river noai Golaghal, Assam. Homotaxis, as illustiuted from 
Indian formations. Afghan field notes. 

Part S. —Fossiliferoua series in Lower Himalaya, Garbwa). Age of Mandhali series in 
liOwer Himalaya. Siwalik camel (Camelus Antiquus, nobis ex Falc. and Cant, ]\IS.). 
Geology of Ohamba. Probability of obtaining water by means of artesian wells in 
plains of Upper India. Artesian sources in pfiiins of Upper India. Geology of Aka 
Hills. Alleged tendency of Arakan mud volcanoes to burst into eruption most 
frequently during rains. Analyses of phospbatic nodules and rock from Mussooree. 

Part 3. —Geology of Andaman Islands. Third species of Merycopotamus. Percolation as 
affected by current. Pirthalla and Chandpur meteorites. Oil-wells and coal in 
Thayetmyo district, British Burma. Antimony detwsits in Maulman district. Kash¬ 
mir carllujuake of 30th May 1885. Bengal earthquake of 14th July 1885. 

Part Geological work in Chhattisgarh division of Central Provinces. Bengal earth- 

S uake of I4th July 1885. Kashmir earthquake of 30th May 1885. Fveavations in 
ilia Surgam caves. Nepaulite. iSabetmahet meteorite. 

VoL. XIX, 1886. 

Part 1,- Aniiual report for 1885. International Geological Congress of Berlin. Paheozoic 
Fossils iTi Olive group of Salt range. (Vuielation of lixiian and .\usiralian coal- 
healing beds. Afghan and Persian Field-notes. Section from Simla to Wangtu, and 
petrological character of Amphibolites and Quartz Uiorites of Sutlej valley. 

Part S. “Geology of parts of Bellary ami Anantapur districts, (jeology of Upper Uehing 
basin in Singpho Bills. Microscopic characters of eruptive rocks from Central Hima¬ 
layas. Mammalia of Kamul Caves. Prospects of finding coal in Wostorn Hajputana. 
OUve group of Salt-range. Boulder-beds of Salt-range. Oondwana Homotaxis. 

Part J.—Geological sketch of Vizagapatam district, Madras. Geology of Northern Jesal- 
mor. Microscopic structure of Malaini rocks of Arvali region. Malanjkhandi copper- 
ore in Balaghat district, C. P. 

Part 4 (cut of print). —Petroleum in India. Petroleum cxplor.*«tion at Khiitan. Boring in 
Chhattisgarh coal-fields. Field-notes from Afghanistan : No. 3, Tmkisian. Fiery 
eruption from ono of mud volcanoes of Chednba I.sland, Arakac. N.-imniiontb.d 
aerolite. Analysis of gold dust from Meza valley, Upper Burma- 


Vofc. XX, 1887. 

Pari /.—Annual report for 1886. Field-nolea from Afghanistan : No. 4. from Turkistan 
to India. Physical geology of We»t British Garhwal; with notes on a route traversed 
through Jaunsar-Bawar and Tiri-Garhwal. Geology of Garo Hills. Indian image- 
stones. Soundings veoeiitly taken off Barren Island and Narcondam. Talcbir boulder- 
beds. Analysis of Phospbatic Nodules from Salt-range, Punjab. 

Part t ,—Fossil vertebrata of India. Kchinoidea of cretaceous series of Low'er Narbada 
Valley. Field-notes : No. 5—to accompany geological sketch map of Afghanistan and 
Nortn-Eastern Khorassan. Microscopic structure of Hajmahal and Deccan traps. 
Holerite of Cbor. Identity of Olive series in east with speckled sandstone in west of 
^It-range in Punjab. 

Part J.—-HetiT’oment of Mr. Mcdlicott. J. B. Mushkotoff’s Geology of RussiHn ^I nrkiftsn 
Orystalline and metamorphic rocks of Lower Himalaya, Garhwal, and Kumaun, Sec¬ 
tion I. Geology of Simla and Jutogh. * Lalitpur ’ meteorite. 

Pari i.—Points in Himalayan geology. Crystalline and metamorphic rocks of Lower 
Himalaya, Garhwal, and Kumauh, See^on 11, Iron industry of western portion of 
Baipor. Notes on Upper Burma. Boring exploration in Chhattisgarh coal-fields. 
(Se^d botioa). Pressure Metamorphism, with reference to foliation of Himalayan 
Uneissose Granite. Papers on Himalayan Geology and Microscopic PoirtdoKy, 
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VoL. XXI, 

Part I ,—Annual report for 1887. Crystalline and xnetamorphic rocks of Lower K^alaya, 
Qarhwal, and Kumaun, Section ill. Birds’-nest of Elephant Island, Merisi Archi* 
pelago. Exploration of Jessalmer, with a view to discovery of coal. Facetted pebble 
from boulder bed {‘speckled sandstone’) of Mount Chel in Salt-range, Punjab. 
Nodular stones obtained off Colombo. 

Part f.—Award of Wollaston Gold Medal, Geological Society of London, 1888. Dharwar 
System in South India. Igneous rocks of Jlaipur and Balaghat, Central Provinces. 
Sangar Marg and Mehowgale coal fields, Kashmir. 

Part 5.—Manganese Iron and Manganese Ores of Jabalpur. * The Carboniferous Glacial 
Period.’ ^ Pre-tertiary sedimentary formations of Simla region of I^wer Himalayas. 

Pari Jf .—Indian fossil vertebrates. Geology of North-West Himalayas. Blown-sand rock 
sculpture. Niuninulites in Zanskur. Mica traps from Barakar and Kaniganj. 


V^OL. XXI I, 1889. 

Pari 1 {out of p?i/i^).—Annual ropoi-t for 1888. Dharwar System in Soiitli India. Wajra 
Karur diajnonds, and M. Chaper’s allcirod discovery of diainonda in ]>egTHUtito. 
Generic position of so-called Plesiosaurus Indicus. Flexible sandj^tono or Itacoiunute, 
its nature, mode of oociurence in India, and cause of its flexibility. Siwalik and 
Narbada Chelonia. 

Part 5.-^Indian Steatite. Distorted pebMos in Sivvalik conglomerate. ‘ Carboniferous 
Glacial Period.* OU-fields of Twingoung and Bcnio, Biuana. Gypsum of Nehal Nadi, 
Kumaun. Materials for pottery in aeighbourhood of Jabalpur and Umaria, 

Part 3 .—Coal outcrops in Sharigh Valley, Baluchistan. Trilobites in Neobulus beds of 
'SMi-range. Geological notes. Cherra Poonjee coal-field, in Khasia Hills. Cobnlti- 
ferous Matt from Nep.il. President of Gecdogical Society of London on International 
Qeologi(;al Congress of 1883. Tin-mining in Mergui distrtet. 

Part 4 {out of 2^^'^''^^)-'-*Lnnd-tortoi.scs of Siw.nliks, Pelvis of a ruminant from Siwaliks. 
As.sa^'s from Sambhar Salt-Lake in Rajrmtana. Manganiforons iron .and Manganese 
Ores of Jabalpur. T*alagonite-l>o;mng ir.ips of Baimuhil lulls and Uot'can. Tin¬ 
smelting in Malay Peninsula. Provisimml Index of Local Dif-trihulion of Important 
Minerals, Miscellaneous Minerals, Gem Stones and Quany Stones in Indian Krnpire. 
Part 1. 


VoL. XXIII, 1890. 

part 1 .—Annual report for 1889. Lakadong coal-fields, Jaintia Hills. Pccloral and )>olvic 
girdles and skull of Indian Dicynodonts. Vertebrate remains from Nagpur di^^trict 
{with description of fish-skull). Crystalline and metamorphic rocks of Lower Hima¬ 
layas. Garbwa) and Kiurmnn, iScctiou TV. Bivalves of Olive-grouj), Salt-range. 
Mud-banks of Travancore coasts. 

Part ;? {out of ^irinl ).—Petroleum explorations in Harnai dislriid, Baluchij^tan. Sapphire 
Minos of Kashmir, Supposed ^Matrix of Diamond at Wajra Kanir, Madras. Sonapeb 
Gold-field. Field notes from Shan Hills (Upper Burma). New species of Syring- 
osf»ha*i'idre. 

Part 3 {out of print ),—Geology and Economic Rcsoiirccfi of Country adjoining Sind Pishin 
Railway between Sharigh and Spiiuangi, and of country between it and KhattAn. 
Journey through India in 1888 89, by Dr. Jch.-mnos Walther. Coal fields of T4aii‘ungaa, 
^faosandram. and .Nfao-belar kar, in the Khasi Hillu. Indian Steatite. Provisional 
Index r>f Local Distribution of Important Mineials, MiBcoUanoous Minerals, Gem 
Stones, and Quarry Stones in IndLan Empire. 

Port Jf {out oj print ).—Geological sketch of Naini Tal; with remarks on natural conditions 
governing mountain slopes. Fossil Indian Bird Bones. Darjiling Coal between Lieu 
and Kamlhi rivers. Basic Eruptive Itocks of Kadapah Area. Deep Boring at Xjuck- 
now. Coal Seam or Doro Ravine, Hazara. 


VoL. XXIV, 1891. 

Part 7.—Annual report for 1890. Geology of Salt-range of Punjab, with re-considered 
theory of Origin and Age of Sfdt-Mart. Graphite in decomposed Gneiss (Laterite) in 
Coylon. Olaciere of Kabru, Pandim, etc. Salts of Sambhar Lake in Rajputana, and 
' Reh ’ from Aligarh in North-Western Provinces. Analysis of Dolomite from Salt- 
range, Pnnjab. 

Pari $.—Oil near Mortal Kot, in Sherdni country, Suleiman Hills. Mineral Oil from 
Buloiman Hills. Oology of Lushai Hills. Coal-fields in Northern Shan States. 
Reported Nams&ka Ruby-mine in Malnglon State. Tourmaline (Schorl) Manes ha- 
Mainglfin State. Salt-spring near Bawgyd, Thibaw State. 
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Pctrt S (out 0 /print).—Boring in Daltoogunj Coal-field, Palamow. Death of Dr. p. Martia 
Duncan. Pyroxenic varieties of Oneiss a)id Scapolite-bearing Rocks. 

Part L —Mammalian Hones from Mongolia. Darjiling Goal Exploration. Geology and 
Mineral Kesourcea of Sikkim. Bocks from the Salt-range, Punjab. 

' VoL. XXV, 1892. 

Part t.- —Annual report xor 1891. Geology of Thai Chotiali and part of Man country. 
Petrological Notes on Boulder-bed of Salt-range, Punjab. Sub-recent and Becent 
Deposits of valley plains of Quetta, Pishin, and Dasht-i-Bedaolat; with appendices on 
Ghamans of Quetta; and Arterian water-supply of Quetta and Pishin. 

Part $ (out of ftrint ).— GooWy of Saf^d Kob. Jherria Coal-fiold. 

Part 5.—locality of Indian Tscheffkinlte. Geological Sketch of country north of Bhamo. 
Economic resources of Amber and Jade mines area in Upper Burma. Iron-ores and 
Iron Industries of Salem District. Kiebeckito in India. Coal on Great Tenasserini 
River, Dower Burma. 

Part 4 -—Oil Springs at Mo^hal Kot in Shirani Hills. Mineral Oil from Suleiman Hills, 
New Ambcr-like Resin in Burma. Triasslc Deposits of Salt-range. 


VoL. XXVI, 1893. 

Part i.—Annual report for 1892. Central ^Himalayas. JadeJle in Upper Burnia.^ Bur- 
mito, new Fossil Resin from Upper Burma. Prospecting Operations, Mergui District, 
1891-92. 

Part j 9.—Earthquake in Baluchistan on 20th December 18^. Burmite. new amber-like 
fossil resin fj'om Upper Burma. Alluvial deposits and Subterranean water-supply of 
Rnngofm. 

Part 3. —Geology of Sherani Hills. Carboniferous Fossils from Tcnasseriin. Boring at 
Chandornagore. Granite in Tavoy and Mergui. 

Part 4 .—Geology of country between Chappar Rift and Harnai in Baluchistan, Geology 
of part of Tenasserim Valley with special reference to Tendau-Kamapying Coal-field. 
Magnetite containing Manganese and Alumina. Hislopito. 

VoL. XXVI I, 1804. 

Part 1. —^Annual report for 1893. Bhaganwala Coal-field, Salt-range, Pamab. 

Part S .—Petroleum from Burma. Singareni Coal-field, Hyderabad (Deccan). Gohna 
Landslip, Oarhwal. 

Part J.—Cambrian^ Formation of Eastern Salt-range. Giridih (Karharbari) Coal-fields, 
Chipped (?) Flints in Upper Miocene of Burma. Velates Schmideliana, Chemn., and 
Provolates grandis. Sow. Bp., in Terti.iry Formation of India and Burma. 

Part 4' —Geology of Wuntho in Upper Burma. Krhinoids from Upper Cretaceous System 
of Baluchistan. Highly Phosphatic Mica Peridotites intrusive in Lower Gondwaiia 
Rocks of Bengal. Mica-Hypei’stheiie-Hornblendo-Pcridotite in Bengal. 

voiu xxvrri, i895. 

Part 7.—Annual report for 1894. Oretnceons Formation of Pondicherry. Early allusion 
to Barren Island. Bibliography of Barren Island and Narcondnm from 1884 to 1894. 

Part 3. —Oreiaceouy Ro<*ka of Southern India and geographical conditions during later 
cretaceous timc.s. Exporimontal Boring for Petroleum at Siikkuv from October 1893 
to March 1895. Tertiary system in Burma. 

Part 3. —Jadelte and other rocks, from Tainmaw in Upper Burma. Geology of Tochi 
Valley. Lower Gondwanas in Argentina. 

Part J.^Igoeoua Rocks of Giridih (Kurburbarce) Coal-field and their Contav^t Effects. 
VIndhyan system south of Sone end their relation to so-callod Lower Vindbyane. 
Lower Vindhyan area of Sone Valley. Tertiary system in Burma. 

Von. XXIX. 1896. 

Part 1, —Annual mport for 1895. Aciciilar inclusions in Indian Garnets. Origin and 
Growth of OamotB and of their Micropegmatitic intergvowths in Pyroxenic rocks. 

Part S.' —Ultra-basic rocks and derived minorols of Chalk (Magnesite) hills, and other 
localities near Bulem, Madras. Corundum localities in Salem sod Coimb.atore districts, 
Madras. Corundum and Kyanite in Manbhum district, Bengal. Ancient Geography 
of ** Gondwanoland.*’ Notes. 

Part ff.-r^Igneons Rocks from the Tochi Valley. Notes. 

Part —Steatite mines, Miubu district, Burma. Lower Vindhy.in (Sub-Kashmir) area of 
Sone Valley, Bewah. Notes. 
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VoL. XXX, 1897. 

Part i .—Annual report for 1896. Norite and nssoeiated Ba&ic Dykes and Lava*flowe ro 
Southern India. Genus Vertebraria. On Glossoptoris and Vortebraria. 

Part S. —Cretaceous Deposits of Pondicherri. Notes. 

Part S .—Flow structure in igneous dyke. Olivinc-norfle dykes at Coonoor. Excavations 
for corundum near Palakod, Salem District. Occurrence of coal at Palana in Bikanir. 
Geological ppecimens collected by Afghan-Balucb Boundai*y Commission of 1896. 

Part 4-“;NemaHte from Afghanistan. Quartz-barytea rook in Salem District, Madras 
Presidency, Worn femur of Hippopotamus irravadicus, Caut. and Falc., from Lower 
Pliocene of Burma. Supposed coal at Jaintia, Baxa Duars. Percussion Figures on 
micas. Notes. 

VoL. XXXI, 1904. 

Part 7 {out oj Prefiitoiy Notice. OopiJCr ore near Komai, Darjeeling district. 

Zewan beds in Vibi district, Kashmir. Coal deposits of Isa Khel, Mianwali district, 
Punjab. Um-Bileng coal-beds, Assam. Sapphirine-bearing rock from Vizagapatam 
district. Miscellaneous Notes. Assays. 

Part S of prmf}.—Lt.-Genl. C. A. McMahon. Cyclobus Iluydeni Diencr. Auriferous 
Occurrences of Chot.a Nagpur, Bengal, On the feasibility of introducing modern 
methods of (.oke-making at Kasb Indian Bnilway Collieries, with supplementary note 
by Director, Geological Survey of India. Miscellaneous Notes. 

Part S {out of yirm/).—Upper Palico/oie formations of Eurasia. Glaciation and History 
of Sind valley. Halorites in "IVias of Baluchistan. Geology and Mineral Resources 
of Mayurbhanj. Miscellaneous Notes. 

Part {out of prinO--" Geology of Ui)per Assam. Auriferous OcciuTonces of Assam. 
Curious occurrence of Scapolitc from Sladras Presidency. Miscellaneoiis Notes. Index. 

Vor.. XXXir. 1905. 

Part J {out of p7?wU-'“Re''ievv of Mineral Production of India during 1898—1903. 

Part 2 {out of prin/).—General report, April 1903 to December 1904. Geology of Pro¬ 
vinces of Taang and 0 in Tibet. Bauxite in India. Miscellaneous Notes. 

Pa}t J (out f1 —Antbriimhthi* Fauna Subansjri Cnivgo. Assson. Elcphas 

Antiqims (Namadicus) in Godavari Alluvium. Triassic Fauna of Tropites-Limestone 
of Byans. Amblygomte in Ka.shmir. Mifccllaneous Notes. 

part 4* —Obituary notices nf H. B. Medlicott and W. 'P. Blanford, Kangra Earthquake 
of 4th April 1905. Index to Volume XXXII. 

Von. XXXin, 1906- 

Par/ I (out of pr/n/). —Alineial Piodnction of India during 1904. Plcistoreno Alovcment in 
Indian Peninsula. Recent Changes in Course of Nam-lu River, Northern Shan 
Natural Bridge in Gokteik Gorge, Geology and Mineral Resources of N^irnonl Dis¬ 
trict (Patiala State). Miscellaneous Notes. 

Pari 8 (out of yrint), —General rcpoit foi* 1905. Lashio Coal-field, Northern Shan States. 
Namina, Mansang and Mau-se-le Coalfields. Northern Shan States, Burma. Mis¬ 
cellaneous Notes. 

Part S (out of piint ).—Petrology and Manganese ore Deposits of (^enanr TaUsil, Ghhind- 
wara district, Central Provinces, Geology of part of valley of Kanhan River in 
Nagpur and Chhindwaia districts, Central Provin<cs. Manganite from Sandur Hills. 
Miscellaneous Notes. 

Part 4 of jjrintJ.—Composition and Quality of Indian Coals, Classification of the 
Vindhyan System. Geology of State of Panna with reference to the Diamond- 
bearing Deposits. Index to Volume XXXill. 

Von. XXXIV, 1906. 

Part i .—Fossils from Halorites Limestone of Bambanag Cliff, Kumaon. Upper-Triassio 
Fauna from Pishin District, Baluchistan. Geology of portion of Bhutan, Coal Occur¬ 
rences in Foot-hills of Bhutan. Dandli Coal-field ; Coal ontcropa in Rotli Tehsil of 
Jammu State, Miscellaneous Notes. 

Part 3 (out of 7?rin/)-—-Mineral Production of India during 1905. NummuHtea Donvillei, 
with remarks on Zonal Dietribution of Indian Nummulites. Auriferous I’racts in 
Southern India. Abandonment of Collieries at Warore, Central Provinces. Mis¬ 
cellaneous Notes- 

Part $. —Explosion Craters in I.ower Chindwin district, Burma. Lavas of Pavagad Hill. 
Gibbsite with Manganese-ore from Talevadi, BelgaUm and Qibbsite from 

Bhekowli, Satara District. Ciassification o! Tertiary System in Sind with reference 
to Zonal distribution of Eocene Echinoidca. 
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Vari Jf {out of 'print). —Jaipur and Nizira Coal-fields, Upper Assam. Makmn Coal-field» 
between Tirap and Namdatig Streams. Kabat Anticline, near Seiktein, Myingyan 
district. Upper Burma. Asymmetry of Yenangyat-Siu^ Anticline, Upper'Burma. 
Northern part of Gwogyo Anticline, Myingyan District, Upper Burma. Breyma 
Multituberculata, from Nari of Baluchistan and Sind. Index to Volume XXXIV. 

Vot. XXXV, 1907. 

Pari 1 (out of print).—General report for 1906. Orthophragmina and Lepidocyclina in 
Numniulitio Scries. Meteoric Shower of 22nd October 1903 at DokAchi and neighbour¬ 
hood, Dacca District. 

Pari S.—Indian Aerolites. Brine-wells at Bawgyo, Northern Shan States. Gold-bearing 
Doposite of Loi Twang, Shan States. Phyea Prinsepii in Maestrichtiau strata oi 
Baluchistan. Miscellaneous Notes. 

J*aTt Preliminary survey of certain Glaciers in North-West Himalaya. A.—Notes on 
certain Glaciers in North-West Kashmir. 

Part 4-—Preliminary survey of certain Glacici's in North-West Himalaya. B.—Notes on 
certain Glaciers in Lauaul. 0.—Notes on certain Glaciers in Rumaon. Index to 
Volume XXXV. 

VoL. XXXVI, 1907 08. 

Port J.—petrological Study of Rocks from hill tracts, Vizagapatam district, Madras 
Presidency. Nephelino Syenites from hill tracts, Vizagapatam district, Madras Presi¬ 
dency. Stratigraphical Position of Ganganiopteris Beds of Kashmir. Volcanic out¬ 
burst of Lato Tertiary Ago in South fisenwi, N. Shan States. New suidie from 
Biigii llills, Baluchistan. Permo-Carboniferous Plants from Kashmir. 

Pi'tf MiiU'idl Production of India during 1906. Ammonites of Bagh Beds. Mis¬ 
cellaneous Notes. 

port $. —Marine fossils in Venangyaung oil-ftcld. Upper Burma. Fresh-water sheila of 
genus Batissa in Venangyaung oil-tield, Upper Burma. New Species of DendrophylUa 
from Upper Miocene of Bui’ina. Structuro and age of Taongtha hills, Myingyan dis¬ 
trict, U]jpcr Burma. Fossils from Sedimentray rocks of Oniair (Arabial. Rubios in 
Kachin hills, Upper Burma. Cretnceous Orbiboides <»f India. Two Calcutin Karth- 
rjfiakes of 1906. Miscellaiioous Notes. 

Part 4-—Psoudo-Fuooid.s from Pab sandstones at Fort Munro, and from Yindhyan series. 
Jadeite in Kachin Hills, Upper Burma. Wetchok-Yedwet Pegu outcrop, Magwe dis¬ 
trict, tipper Burma. Group of Mangsrnates, comprising Hollanditc, Psilotnolane and 
lk>ronadito. Occurrence of Wolfram in Nagpur district, Central Provinces. Mii- 
cellaneous Notes. Index to Volume XXXVl. 

VoL. XXXVII, 1908 09. 

Part I.—General Report for 1007. Minoral Production of India during 1907. OceurrencB 
of striated boulders in Blaini formation of Simla- Miscellaneous Notes. 

Port S. —Tertiary and Post-Tertiary Freshwat^^r Deposits of Baluchistan and ^ Sind. 
Geology and Mineral Resources of Rajpipla State. Suitability of sands in Rajmahal 
Hills for glass manufacture. Three new Manganese-hiring minerals :—Vredenburgite, 
Kltaparito and Juddite- Daterites from Central Provinces. Miscellaneous Notes. 

Port ,t.—Southern part of Gwegyo Hills, including Payagyigon-Ngashandaung Oil-field. 
.Silver-lead mines of Bawdwin, Northern Shan States. Mud volcanoes of Arakan 
Coast, Burma. 

Part —Gypsum Deposits in Hamirpur district. United Provinces. Gondwanas and 
roKatod marine sedimentary sysietn of Kashmir. Miscellaneous Notes. Index to 
Volume XXXVII. 


VoL. XXXViri, 1909. 

Port t .—General Report for 1908. Mineral Production of India during 1908. 


The price fixed for these publications is 1 rupee (1«. 4d.) each part of 2 rupees {2s. Sd.) 

each volume of four parts. 
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MISCELLANEOUS PUBLICATIONS. 


Manual of the Geology of India. 4 Vols. With map 1879-1087'— 

Vol. 1. Peninsular Area. By H, B. Medlieott and W. T» Bhoiferd 

Vol. 2. Extra Peninsular Area. } {out of print). 

Vol. 3. Economic Geolo|ry. By V. Bull {out of print). 

VoL 4. Mineralogy. By P. R. Mallet. Price 2 rupees. 

A ^lanual of the Geology of India, 2nd edition. By R, D. Oldham (1893). Price 8 rupees. 
A Manual of Geology of India^ Economic Geology, by the late Prof. V. Ball, 2nd 
edition, revised in parts. 

« Part I.--Corunduin. By T. H. Holland (1898). Price t rupee. 

Popular guides to the Geological collections in the Indian Museum, Calcutta— 

No, 1, Tertiary vertebrate animals. By R-. Eydekker (1879) ((??/< of print). 

No. 2 Minerals. By F. R. Mallet (1879) {out of print). 

No. 3 Meteorites. By F. Feddcn (1880) {out of print). 

No. 4. PaUeontologicai collections. By O. Fcistmantel (1881). Price 2 annas. 

No, 5, Economic miner.a3 pi'oducts. lly F. II. Mallet 11883) {out of 
An introduction of tho Chemical and Physical study of Indian Minerals. By T. IT. 
Holland (1895) (out of print). 

Catalogue of the remains of Siwalik Vevtebrata contained in the Geological Department of 
the Indian Museum. By R. Lydekker, Pt, I. Mammalia (18B5). Price 1 rupee. 
Pt. II. Aves, Reptilia, and Pisces (1886). Price 4 annas. 

Catalogue of the I'cmains of Pleistocene and Pro Histovic Vertebr.Tta contained in the 
Geological Department of the Indian ATusemn. By R. Lydekker (1886). Priiv* 4 
annas. 

Bibliography of Indian Geology. By R. D, Oldham (1888). Price 1 rupee. 8 annns. 
Report on the geologj(*al structure and stability of the hill slopes around Naini Tal. l)y 
T. H. Holland (1897). Price 3 i npees. 

Geological map of India, 1893. Scale I''-96 milns (out of print). 

General Report for the period from 1st .Tan^iary 1897 to the 1st April 1898. Price 1 ni] c.v 
General Rei>ort for the year 1898-99 {out of print). 

General Report for the year 1899*1900. Price 1 rupee. 

General Report for the year 1900*1901. Price 1 ruiiec. 

General Report for the year 1901-1902. Price 1 rupee. 

General Report for tho year 1902-1903. Price 1 rupee. 

Contents and index to Rocoi'ds, Vols. I-XX and Vols, XXI XXX. Price 1 rupee each. 
Contents and index to Memoirs, 1859*1883. (First twenty volumes.) Price 1 rupee. 
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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA. 


VoL. 1. Pt. 1, 1866 {out of Sprint) : Coal and Iron of Talchir.-—Talchir Coal-field."— 

Gold-yielding aepOBita of Upper Assam.—Gold from Shue-gween. Ft. 2^ 
1858 {out of prin<) : Geological structure of a portion of Khasi Hills.— 
Geological structure of Nilgiri Hills (Madras). Pt. 3, 1859 (out of print) ; 
Geological structure and physical features of districts of Bankura, Mid* 
napore, and Orissa.—Laterite of Orissa.—Fossil fish-teeth of genus 
Ctratoduttf from Malodi, south of Nagpur. 

VoL. II, Pt. 1, 1860 (out of print) : Vindhyan rocks, and their associates in Bundel* 

kand. Pt. 2, i860 {out of print) : Geological structure of wntral portion 
of Nerbudda District.^—^Tertiary and alluvial deposits of central portion 
of Nerbudda Valley.—Geological relations and probable age of systems 
of rocks in Centi’al India and Bengal. 

VoIk IIL Pt. 1, 18^ {out of print) : Kaniganj Coal-field.—Additional^ remarks on 

systems of rocks in Central India and Bengal,—Indian Mineral Statis- 
ucB, I. Coal. Pt. 2, 1864 {out of print) : Sub-Himalayan Ranges 
bet-woen Ganges and Ravi. 

VOL. IV. Pt. I, 1863 (out of print) ; Cretaceous Rooks of Trichinopoly District, 

Madras. Pt. 2, 1864 {out of print) : Districts of Trichinopoly, Salem, 
etc, Pt. 3, 18^ {out of print) : Coal of Assam, etc. 

Vot. V. Pt. 1, 1865 (out of print) : Sections aci*os8 N.-W, Himalaya, from Sntlej to 

Indus.-—Gypsum of Spiti. Pt. 2. 1866 {out of prmt) : Geology of Bom¬ 
bay. Pt. o, 1866 {out of print) : Jhoria Coal-field.—Geological Observa¬ 
tions on Western Til)et. 

Voi*- VI. Pt. 1, 1867 {out of print) : Neighbourhood of Uynyan, etc., in Sind.— 

Geology of portion of Cutch. Pt. 2, 1867, Rep. 1908 {prir^ 2 Rs.); 
Bok4ro Coal field.—Kamgarh Coal-field.—^Trsps of Wortern and Central 
India. Pt. 3, 1869 {price 2 Rs. 8 As.) : I'apti end Nerbudda Valleys,— 
Frog-beds in Bombay.— pusiUus. 

Vou VII. Pt. 1, 1869 {price 3 Rs.) : Viridhyan series.—Mineral Statistics.—Coal.— 

Shillong Plfttoau. Pt. 2, lOTO (out of print) : Karharban Coal-field.— 
Deoghar Coal-field. Pt. 3, 1871 {out af print) : Aden water-supply.— 
Kdranpura Coal-fields. 

VoL. VIII. Pt. 1, 18TO (pn'cc 4 Rs.) : Kadapah and Karnul Fomi.'itions in Madras 

Presidency. Pt. 2, 1872 (price 1 Re.) : Itkhuri Coal-field.—Daltonganj 
Coal-field.—Chope Coal-field. 

VoL, IX. pt. 1, 1872 (-pnVe 4 Rs.) : Geology of Kutch. Pt. 2, 1872 (price 1 Re.): 

Geology of Nagpdr.—Geology of Sirban Hill.—Carboniferous Am¬ 
monites. 

VoL. X. Pt. 1 (price 3 Rs.) : Geology of Madras.—SAtpura Coal-basin. Pt. 2, 1874 

{price 2 Rs.) ; Geology of Pegu. 

VoL. XI. Pt, 1, 1874 {price 2 Rs.) : Geology of Darjiling and Western Duars. Pt. 2, 

1876 {price. 3 Rs.) : Salt-region of Kob^it, Trans-Indns. 

VoL. XII Pt. 1, 1877 (price 3 Rs.) t South Mahr&tta Country. Pt. 2, 1876 (p«c« 

2 Rs.): Coal-fields of Niga Hills. 

VoL. XITI. Pt. 1, 1877 (price 2 Rs. 8 As.) : Wardha Valley Coal-field. Pt. 2, 1877 

(price 2 Rs. 8 AsJ ; Geology of Rijmahil Hills. 

Vof.. XIV. 1878 {price 5 Rs.) : Geology of Salt-range in Punjab. 

Vot. XV Pt. 1, 1878 (price 2 Rs. 8 As.) : Aurunga and Hutdr Coal-fields (Palamow), 

Pt, 2, 1880 (price 2 Rs. 8 As.) : Ramkola and Tatapani Coal-fields 
(Sirguja). 

VcWk XVI. Pt. I, 18TO (price 1 Re. 8 As.) : Geology of Eastern Coast from Lat. 1^ 

to Masulipafjun. Ft. 2, 18M (price I Re. 8 As.) : Nellore Portion of 

Oamatic. Pt. 3, 1880 (price 2 Re.): Coastal Region of God^rori 
District. 

VoL. XVIL Pt. 1, 1879 (price 3 Rs.): Geology of Western Sind. Pt- 2. 1880 (price 

2 Rs.) ; TranB-Indus extension of Punjab Salt-range. 

Vot. 'XVIII. Pt. 1, IMl (price 2 Rs.) : Sonthem Afgbanislan. Pt. 2, 1881 (otU of 

print) : Mdnbhum and Singhbhum. Pt. 5,1861 (price 2 Re.) : Prdnhita- 
Ooddvari Vallay. 
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VoEi. XIX. Pi>. 1882 (prict 2 B<i.) : Cachar Earthquake of 1869. Pt. 2> 1882 (prict 

1 Re.) : Thermal Springe of India. Ft. 3,1883 {price 1 Re.) ; Catalogue 
of Indian Earthquakes. Ft. 4, 1883 (oar of print) : Geology of parte of 
Manipur and Naga RilU. 

Voii. XX. Pt, 1, 1883 (ott^ of print) : Geology of Madura and Titmevelly, Pt. 2, 1883 

^ut of print) : Geology notoe on Hills in neighbourhood of Sind and 
Punjan Frontier betAveen Quetta and I)era Ghazi Khan. 

VoL. XXI. Pt. 1, 1884 {out of print) : Geology of Lower Narbada Valley. Pt, 2, 1884 

(out of print) : Geology of Kathiawar. Ft. 3, 1885 {out of print) : Coal¬ 
field o. South Kewah • Ft. 4, 1885 {out of nnnt) : Barren Island. 

VoL. XXII. 1883 [price 5 Rs.) ; Geology of Kashmir, Chamba, and Khagan. 
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VoL. XXXIV. Pt. 1, 1901 (price 1 Re.) : Peculiar foim of altered Peridofcite in Mysore 

State. Pt. 2, 1002 {price 3 Rs.) : Mica deposits of India. Pt. 3, 1903 
(price 1 Re.) ; Sandhills of Clifton near Karachi. Pt. 4, 1^8 {price 
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Part t (out of 3[7rmrt.*^Annual report for 1867. Coal-seams of Tawa valley. Coal in 
Garrow Hills. Copper in Bundelkmid. Meteorites. 

Part 2 (out of CoaJ-soams of ooighboiirliood of Chanda. Coal near Nagpur. Geo¬ 

logical notes on Surat collectoralo. Cephalopodous fauna of South Indian cretaceous 
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Part 3 [out of ’print), —Gastiopodous fauna of South Indian cretaceous dopoeits. Notes on 
route from Poona to Nagpur via Ahmednuggur, Jalna, Loouar, Ycotmahal, Mangali 
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Islands. 
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and copper in Manbhum. Assays oi iron ores. 

Part 4 «>/ print ),—Geology of Mount 'J'iUa, Punjab. Copper deposits of Halbhoin 
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Von. IV, 1871. 
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Part 2. —Axial group in Western Prome, Geolo^cal structure of Southern Konkan. 
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of steam-engines at Baniganj. Plant-bearing sandstonos of Godavari valley, on souih- 
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Part J.—Borings for coal in Godavari valley near Dumagndem and Bhadrachalam. 
Narbada coal-basin. Geology of Central Provinces. I^ant-bearing sandstones of 
Godavari valley. 
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Dominions. Geology of Orissa. New ccabfieli in south-eastern Hyderabad (Deccan) 
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Part Geological observations made on a visit to Chadorkul, Thian Shan range. 
Former extension of glaciers within Kangra district. Building and ornamental stones 
of India. Materials for iron manufacture in Baniganj coal-field. Manganese-ore in 
Wardha coal-field. 
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RECORDS OF 

THE GEOLOGICAL SURVEY OF INDIA.- 


Part 3. ] 


1909 , 


November* 


Report on the Geology of Sarawan, Jhalawan, 
Mbkran and the State of Las Bela, con¬ 
sidered PRINCIPALLY FROM THE POINT OF VIEW OF 

Economic Developmeni . By E. W. Vredenburg, 
tAssistant Superintendent, Geological Survey of India. 
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I.—OEOLOaiCAL SUMMARY. 


1.—INTRODUCTION. 

f I'HANKS to the kind assistance tendered by Major Showers, 
Captain MacConaghoy, and Mr Brett, Political Officert of the 
- Kelat Agency, and by the rulers and officials of the States of Kelat 
and Las Bela, I have been able, together ^th. my colleague 
Mr. Tipper, during the winter of 1905-1906, to visit a very vast 
extent of country regarding the geology of which very little was 
known up to the present day. 

The following summary is a reprint of a report submitted to 
the Government of the Baluchistan Agency, with a view to draw 
attention to certain matters that might be of economic importance. 
As it also contains a great deal that is of scientific interest,* it is 
reproduced in these Records, pending the publication of a more 
detailed account which is being prepared for the Memoits, 

• ^ Th® vast extent of the country which I surveyed within the 
limited time of about four months precluded the possibility of 
detailed prospecting. All I can do is to indicate in which particular 
regions further research is specially advisable. instance, in 
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the case of coal, I have been able to cBtablish that the geological 
formation containing this mineral occurs only in a comparatively' 
restricted area of the Sarawau district. The limits of the coal- 
bearing beds being thus ascertained, it becomes a comparatively 
easy task for an expert to ascertain the quality and extent of 
the coal-seams in this relatively small area. My own examination 
of the coalfield had to be necessarily a cursory one, otherwise it 
would have encroached upon the time needed for the examination 
of other areas. The same thing applies to every part of the 
country visited, and therefore, the paucity of the minerals actually 
seen does not necessarily imply the mineral poverty of the country. 
The method which 1 pursued is the only systematic one in re¬ 
searches of this kind: by means of the general survey just com¬ 
pleted, it will now be possible to attempt prospecting operations 
in restricted areas. 


2.—MAIN DIVISIONS OF THE AREA. 

The area is divided into an eastern and a western region by an 
irregular north and south line rouglily coinciding with longitude 66" 
16' E. The region is almost entirely occupied by a mono¬ 

tonous series of shales or clay-shales and sandstones known in the 
publications of the Geological Survey of India as Kojak or Mekran 
beds which correspond principally with the oligocene “ flysch ” of 
Europe. This western region may be spoken of as the “ flysch 
region.” The eastern region exhibits a far more varied geological 
sequence and consists of rocks ranging in age through a vast series 
of successive geological formations, all of which are remarkable for 
containing vast thicknesses of limestone. This area may be spoken 
of therefore as tljc “ calcareous region.” 

In botli regions, the strata have been folded into a succession of 
anticlines separated by synclines. In the western or “ flysch ” 
area, excepting the neighbourhood of the sea-coast, the flexures are 
generally much sharper and much more numerous than in the 
eastern region. This is due partly to the somewhat greater degree 
of compression that has affected the rocks of that western region, 
and largely to the pliable nature of their shaly layers as compared 
with the unyielding limestone masses of the eastern area, which, 
instead of becoming crumpled into innumerable small sharp folds, 
have risen into great dome-shaped bulges often several miles 
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across. These differences in composition and structure have exerted 
a considerable influence in determining the physical features of the 
two regions. 


3.—THE CALCAREOUS REGION. 

The eastern region including the greater part of Sarawan, 
Jhalawan and Las Bela, is constituted by a vast thickness of sedi¬ 
mentary rocks ranging in age from Carboniferous to pliocene. As 
already mentioned, a considerable proportion of these rocks consists 
of limestones, those of the oligocene (Nari series), eocene (Khirthar 
series), and especially of the Jurassic, being particularly massive. 
These Jurassic limestones include a thickness of several thousand 
feet of limestone of which the newer portion, middle Jurassic in 
age, is extremely thick-bedded, and dark-grey in colour, while the 
older portion, whose age is Liassic, consists of less massive layers, 
very distinctly bedded, and of a still darker grey tint, sometimes 
nearly black. 

These Jurassic limestones constitute the leading features of the 
orography of this area. The tallest and most massive mountains 
are huge anticlinal bulges of Jurassic limestones from which the 
overlying strata have been denuded away. They have the shape 
of elongated domes irregularly elliptical in plan, the longer axis 

striking more commonly approximately north and south, or, less 
frequently, somewhat at right angles to this direction. Surrounding 
these dome-shaped mountains, there is usually a ring of less lofty 
but very steep ridges constituted by regularly bedded limestones, 
which are as hard and compact as those of the domes themselves 
but whose aggregate thickness is always much less; they are of 
lower Cretaceous age, and normally overlie the piassive Jurassic lime¬ 
stones ; their situation at the periphery of the Jurassic domes is 

due to their having been denuded away from the central loftiest 

portion of those structures. Their concentric disposition with refer¬ 
ence to the massive domes is very noticeable on a map, while their 
clear white or red colours contrast curiously with the dark tinge 
of the huge limestone masses which they encircle. 

The steep slopes of the Jurassic limestone hills generally coincide 
with the angle of dip of the strata. After laying bare the surface 
of the massive Jurassic beds by removal of the somewhat thinner- 
bedded tocks overlying them, denudation has almost come to a 

b2 
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standstill. Except in the few cases where they are cut through 
by deep and narrow rift-likc river gorges, these Jurassic rocks havo^ 
scarcely suffered from denudation or erosion. This accounts for 
the uniform appearance of their inaccessible slopes corresponding 
with the surface of bedding of the high-dipping strata. The almost 
continuous barrier of steep ridges of cretaceous limestones encircling 
them contributes to render them still more difficult of access. 

Amongst the most conspicuous hills of Jurassic limestone may 
be mentioned the Chehiltan and Koh-i-Maran in Sarawan, con¬ 
sisting of Middle Jurassic limestones, Anjiro and Sumbaji in Jhala- 
wan, consisting of Liassic beds. 

The main channels of drainage have established themselves 
principally in the synclinal valleys intervening between tliese massive 
Jurassic domes or ridges. The Shirinab river, the Mula, the Hab, 
the Porali, the Bolan, have their courses situated mainly along 
synclincs. 

A disposition of this sort, with the upheaved bulges forming 
lulls and the intervening troughs valleys, is what one would jnost 
naturally expect a 'priori in any country where the strata have been 
folded and upheaved. Yet it is by no means one generally met 
with, at least not in countries favoured by a sufficiently abundant 
rainfall. For, although a disposition of this sort must have naturally 
originated in every folded district immediately after the folding and 
upheaval had taken place, it did not usually persist; the axes of the 
anticlines, by the very reason of their greater elevation, became 
exposed to denudation more that the intervening troughs. More¬ 
over, the rocks wedged in along the synclines became more in¬ 
durated by compression than those in the anticlinal bulges which, 
instead of being compressed, had a tendency to expand towards the 
free surface and to become fissured. Consequently,«denudation pro¬ 
ceeds at a much faster rate along the anticlines than along the 
synclines, with the final result of a complete reversal of the original 
topography, the anticlines being occupied by river-valleys, between 
which the rocks forming the synclines are left standing as ridges. 
The ’vell-known pr'nciples are here referred to in ordef* to em¬ 
phasize the peculiar physical features of the calcareous zone. 
The absence of any instances of a reversal of the topography 
in the calcareous districts of Baluchistan, follows from a twofold 
cause: the scantiness of the rainfall^ and the preponderance of 
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limestones. In consequence of the deficient rainfall, denudation 
has proceeded far more slowly than in countries better favoured 
in that respect, and the calcareous constitution of the rocks still 
further aggravates the backward condition of the topography: 
owing to the slightly solvent action of rain-water upon limestone, 
the water finds its way through fissures, and thus excavates 
subterranean channels by means of which it sinks at once to 
the low level of the river beds deeply encased in narrow gorges, 
and cannot, therefore, gather sufficient volume on the hill-slopes 
to produce any appreciable erosion. The only way in which the 
surface of such a calcareous country can become not’ceably 
transformed, is by the collaj)So of the caverns through which, 
the streams circulate underground, but where the rainfall is as 
scanty as in this part of Baluchistan, the caverns remain narrow, 
and their roof shows no tendency to fall in. 

The greater part of the eastern or calcareous region, is, as above 
explained, occupied by numerous anticlinal bulges of Jurassic rocks. 
There are two principal groups of hills built up of Jurassic lime¬ 
stones. The first group occupies nearly the whole width of Sarawan 
from the neighbourhood of the Quetta region southwards up to the 
latitude of Manguchar. From Manguchar it continues south-west¬ 
wards with diminished breadth, the Jurassic beds becoming gradually 
concealed by overlying deposits to the south-west of Kelat. 
Throughout this region, the strike of the ridges is very regular, 
about 15° to 20° east of north. The loftiest peaks of the Sarawan 
Jurassics are those of Chehiltan and Koh-i-Maran. 

The second group of Jurassic anticlines occupies nearly the whole 
breadth of northern Jhalawan from east to west about Zabri, 
Bhagwana and the Mula Pass. From Bhfigwana it divides into 
two principal branches, one striking southwards towards Khozdar 
and Wad, and continuing east of the Porali river and of the plain 
of Las Bela up to near the sea-coast. The second branch strikes 
south-west towards Kodak, Nal, and Jebri, and fina’V disappears 
beneath newer rocks before reaching Wasar. This western branch 
might be regarded as a prolongation of the Sarawan group of 
Jurassic ridges that gradually dwindles to the south-west of Kelat. 
There is also a somewhat interrupted series of narrow outcrops 
extending north-east from the Mula Pass, towards the Bolan Pass, 
the northernmost prolongations of which merge into the eastern 
margin of the Sarawan group. 
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The strike of the ridges constituting the Jurassic group of 
Jhalawan is not so regular as in Sarawan. The south-eastern ex¬ 
tension towards Jebri, and the north-western extension towards the 
Bolan Pass strike more or less east of north, conforming them¬ 
selves, therefore, to the general direction of strike of the Sarawan 
group. In the south-eastern group, the strike varies from south to 
a little east of south. In northern Jhalawan, that is in the region 
of Zahri, Bhagwana, the Mula Pass, where the Jurassic ridges 
extend almost right across the proviiu^e, the strik(^ curves rather 
rapidly from north-east, at the western margin of the district to 
south-east at the eastern margin, while in the middle of the area 
it is mostly east and west: the dilferent directions of strike 
curiously interfere with one another in this part of the district, 
curtailing the length of the ridges in such a manner that they 
sometimes become almost circular domes. 

Wedged in between the Sarawan and the Jhalawan series of 
anticlinal bulges is an elevated platcjaii extending diagonally from 
north-east to south-west across southern Harawan and northern 
Jhalawan, There is no general name to designate this well marked 
topographical feature, though various parts of it are known by local 
names such as Luddok and Sanui designating the cJifls forming the 
north-eastern edge of the plateau, Shamo, the cliffs of its south- 
eastern edge, Melabi, its north-wcistern spur, llarboi, a lofty ridge 
south-east of Kelat, with the highest peak of the plateau (9,830 
feet). This lofty plateau consists of massive limesstones, but, both 
in age and in structure, it dillers from tlui surrounding anticlinal 
ridges of Jurassic limestones. It consists of eocene rocks resting 
upon the Jurassic and Cretaceous, and, instead of being an anti¬ 
clinal bulge, it is, mainly,' an eUsvated shallow synclinal trough sur- 
rmmded by a slightly raised rim. The edges of the plateau are 
tall craggy cliffs of limestone, usually with an under^arp of shaiy 
beds. The massive limestone forming this immense plateau is a 
nummulitic limestone of white or pale-buff, or pale-grey colour, 
belonging to the series described in the publications of the Geolo¬ 
gical Survey of India as Upper Khirthar or as Spintangi. 

East and north-east of the groat plateau area it forms other 
scarped synclinal ridges striking a few degrees east of north. The 
Upper KMrthar limestones are also largely developed all along the 
eastern margin of the calcareous region, •south of the Mula Pass, 
especially in the Khirthar range, where their vast thickness is still 
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further reinforced by an enormous mass of overlying limestones 
white or brown in colour, of oligocene age, constituting part of the 
Nari Series of Indian Geological nomenclature. From Gidar and 
Nal up to the northern edge of the plain of Las Bela, the limestone 
ranges forming the western margin of the calcareous region, also 
consist of an enormous thickness of these massive Nari limestones. 

Except where these Tertiary limestones (eocene or oligocene) 
rest directly upon older Cretaceous or Jurassic rocks, the under¬ 
scarp of their lofty cliffs is often constituted by Tertiary shaly beds 
of older eocene age. These strata principally consist of alternat¬ 
ing layers of shale and sandstone, the sandstones being usually 
friable and greenish, the clays blackish or greenish, sometimes 
weathering into soft clay. Although there is a great lithological 
sameness about all these eocene shaly beds, yet they contain rocks 
belonging to two scries very different in geological age. Ttio newer 
series which is the one most widely spread in the region surveyed 
is known in the geological nomenclatun^ of India as the Lower 
Khirthar. It miderlics conformably the Upper Khirthar limestone 
and is not known to contain any minerals of value. The older 
series which is known as the Ghazij or Upper Laki series is only 
found in Sarawan, principally north of the great plateau of Upper 
Khirthar limestones. It undcsrlies the Upper Khirthar limestones 
unconformably and the junction is oftim characterised by a zone of 
bright red and yellow clays of lateritic origin, indicating that the 
surface of the Ghazij beds was converted into dry land during the 
interval that elapsed between their deposition and that of the Upper 
Khirthar limestones. These lateritic beds caimot always be depend¬ 
ed upon to distinguish the Ghazij from tlw Khirthar shales; for 
they are not always distinctly developed, and it is then only by 
means of the fossils occasionally foimd accompanying these rocks 
that the two series can be distinguished from one another. Num- 
mulites belonging to the species Numniulites atacicus and Assilina 
granuhsa characterise the older or Laki series. . The species 
N. IcBvigatus and N, aturicits (N, perloratus) are characteristic of 
the newer series. The distinction of the two series is a matter 
of considerable importance, for it is the older one, the Ghazij, 
that contains all the coal of Baluchistan, the Khirthar shales being 
sterile. 

Dry land conditions such as intervened between the deposition 
of the Laki and Khirthar, also occurred between the j^riods of 
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marine submergence during which the other sedimentary groups of 
Baluchistan were deposited. For instance, the conspicuous Lower 
Cretaceous limestones which I have already noticed as encircling the 
great anticlinal bosses of Jurassic limestones rest sometimes on 
Middle Jurassic beds, sometimes on older beds of Liassic age: in the 
latter instance, the massive limestones of the Middle Jurassic have 
either never been deposited, or, if they once existed, they have been 
redonuded away during the interval that elapsed between the Lower 
Jurassic and Lower Cretaceous periods. Another unconformity 
occurs between the Lower and Upper Cretaceous: the Middle Creta¬ 
ceous is absent from Baluchistan just like the Upper Jurassic; even 
the lower part of the Upper Crejbaccous is missing, so that all the 
Upper Cretaceous beds of Baluchistan are uppermost Cretaceous. 
The Laki beds, in their turn, are unconformable to the Upper Cre¬ 
taceous, the Khirthar to the Laki, the Nari (Oligocene) to the 
Khirthar. * 

These unconformities account for the variations observed in the 
geological sections at different places. Not only were the beds 
irregixlarly denuded during the continental periods, but after each 
continental interval, the sea did not encroach simultaneously over 
the whole area, so that certain formations represented by thousands 
of feet in one section may be feebly developed or completely miss¬ 
ing in another section at no great distance. 

The most variable of all these strata are the Upper Cretaceous 
ones, sometimes represented mostly by limestones, sometimes mostly 
by sandstones, sometimes by a combination of shales, sandstones and 
limestones. Their thickness varies as much as their composition: in 
some places^ the whole group is absent, in other places, for instance 
in the Pab range, it is represented by thousands of feet of coarse 
sandstones. 

A particularly inconstant member of this variable Upper Cretace¬ 
ous group is a volcanic formation corresponding mth the Deccan 
Trap of the Indian Peninsula. It occurs both in the shape of 
superhcial volcanic accumulations such • as basalts, agglomerates, ash- 
beds, interstratihed with marine sediments, and as intrusive masses, 
representing the underground portions of the volcanoes, which have 
now become exposed owing to the subsequent upheaval and denuda¬ 
tion of the area. These intrusions are* all of the basic class of 
igneous rocks, principally dolerites and serpentines. They are 
largely developed in Jhalawan especially in the region surrounding 
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Nal, from Nal to Jebri, from Nal to Wad, and throughout a broad 
zone west of the Porali river. This zone crosses the Porali river 
just north of the plain of Las Bela, and continues as a broad 
belt east of that plain as far as the sea-coast at Gadani. Valuable 
metallic ores occur in connection with these intrusions and the 
extensive zone along which these igneous rocks have been observed 
deserves to be prospected in detail. 

The newest of the great geological systems in that known as the 
Siwaliks, consisting of clays, sandstones, and conglomerates. As a 
rule they are ill-exposed in the interior of the calcareous region, 
being mostly concealed by alluvial deposits, as in the neighbourhood 
of Mastung. But considerable exposures are to be seen aloiig its 
eastern margin, on the borders of tho Kachhi plain. The sulphur 
mines of Sanni are situated in this formation. 

The leading features and the distribution of the sev^al geolo¬ 
gical formations occurring in the calcareous region are summarised 
in the following table :— 
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5.—THE FLYSGH REGION. 

The fiysch region includes the western border of Sarawan and 
.lhalawan, the western portion of Las Bela, and the whole of the 
Mekran district with the exception of a narrow fringe of territory 
bordering upon Kharan near the Mashkel river, where one observes 
some pliocene Siwalik sandstones, and some eocene slates. The 
eastern limit of the flysch region is formed by the eastern side 
of the Gurgina valley, the calcareous ranges extending from Nimargh 
to Maraf and from there to Kodak and Greshag, the calcareous 
ranges from Nal to Wad and to Wadinghar, and finally, the alluvial 
plain of Las Bela. The whole of this region is occupied by one 
geological formation, mostly a monotonous series of folded sandstones 
and shales of greenish colour known as “ Kojak shales,” forming 
innumerable close-set parallel ridges. They are mostly of oligocene 
age, and correspond with the “ oligocene flysch ” of Europe. In 
the neighbourhood of the Mekran coast these same beds have a 
somewhat different appearance becausQ the argillaceous rocks else- 
where compressed into shales or slates have remained in the state 
of a friable clay, scarcely differing from the marine ooze which 
originally constituted them. The huge masses of white sandstones 
which overlie these clays, and constitute the peninsula of Ormara, 
the llinglaj mountains, and other sandstone ranges in the neighbour¬ 
hood of the Mekran coast, are somewhat Jiewer than the bulk of 
the Kojak group, their age being Lower Miocene (Burdigalian to 
Helvetian), 

Owing partly to the less scanty rainfall, and partly to the 
presence of impermeable clay beds and absence of fissured calcareous 
masses, the topography is much more like that produced by normal 
denudation, than in the limestone districts of Baluchistan: the 
synclines constitute the hill-ranges, the anticlines the intervening low 
ground, a disposition which is just the re vers# of that observed 
in the neighbouring calcareous districts. This is especially noticeable 
in the neighbourhood of the Mekran coast where the grand sandstone 
ranges always exhibit the structure of shallow synclines, the inter- 
vening low ground being all occupied by the underlying shales of 
clays whose structure is anticlinal. In. this neighbourhood where the 
softer beds have not become indurated into hard shales or slate#, 
the lower ground pccupied by the anticlines exhibits an extraordi¬ 
narily complicated topography of small hills consisting of shales or 
clays weathering into mud, riddled by a network of innumerable 
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ramified ravines. The immense mural escarpments of the overlying 
massive white sandstones tower over the confused mass of the mud 
hills with a grand simplicity of outline that forms an imposing con¬ 
trast. Mud volcanoes are situated along the axes of these anti¬ 
clines. They will be referred to again in connection with the 
possible occurrence of petroleum which their presence perhaps indicates. 

The contrast between the two types of denudation exhibited by 
the calcareous and the flysch region, is illustrated in the sections, 
Plates 8 and 10, accompanying this report. In the section, PI. 8, the 
highest summit is part of an anticlinal dome. In the other, it is 
part of a shallow syncline. Both sections show the same peculiarity 
with respect to the anticlines which are much more pronounced 
than the intervening synclines, this being quite independent of 
whether the ridges shaped by denudation be anticlinal or synclinal. 

* 6.—RECENT FORMATIONS. 

Recent formations aie not restricted particularly to either the 
cas’tcrn or western district. The broader valleys and plains are 
occupied by fine-grained alluvium which constitutes excellent soil 
wherever irrigation is available. The valleys of Mastung and 
Manguchar, of Nal, Khozdar and Zidi, of Wad, the great alluvial 
plains of Las Bela, Panjgur, Parom, Kech, are instances of exten¬ 
sive alluvial areas. The huge talus formations that visually skirt 
the mountain ranges of arid regions and are known in Baluchistan 
as daman ” are observed principally in Sarawan and in the north¬ 
ern Mekran. It is a formation of this kind that yields the artesian 
water of Quetta. But, except along the northern borders of Sara- 
wan, this formation is not extensively developed in the region here 
dealt with, especially when compared with the neighbourhood of 
Quetta, and the more arid regions of the Zhob and of Nushki; 
this is largely due to the difference in the amount of rainfall. For 
the same reason, sand dunes are almost absent from the countries 
visited last season, the only noticeable occurrences being those 
north of Mastung, and the dunes along the sea-coast. 

The raised beaches observed along the sea-coast are interesting 
recent or perhaps pleistocene formations. 

II,—ECONOMIC CHAPTER. 

Judging from its geological constitution, it is improbable that the 
western or flysch region contains any minerals of value, except. 
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perhaps, petroleum in the neighbourhood of the sea-coast. In the * 
eastern or calcareous region, minerals are to be sought principally 
in the Ghazij shales and in the basic intrusions, the first being 
the coal-bearing series, the second being connected with the mineral 
veins. Barytes occurs in the Parh limestones, sulphur and alunite^ 
in the Siwaliks, while the majority of the rocks forming the cal¬ 
careous region could be used for lime making. 

As explained in the introduction to the Geological Summary 
detailed prospecting was out of the question during the past field 
season. It is hoped, however, that the following notes regarding 
various minerals may be of some use and interest. 


1.—COAL. 

The only place at which 1 actually observed coal is halfway 
between Johan and a place called Ziarat. The section, PI. 8, 
shows the situation of the coal-seam at this place, the general 
geological constitution being as follows;— 


Appro xiimite 

ForiUHtions. thickness. 


Middle Khirthar or Spintangi limestone < . . . . 600 feet. 

Ghazij group, consisting of friable shales, and, esixKiially towards the 
base, sandstones with plant impressions. In the upper j>nrt of tlie 
group, one observes a conl-seam some 3 or 4 feet thick. Bright 
ooloured lateritio clays occur at the junction with the uiiconform- 


ably overlying Khirthar ........ 2,000 

. 

Parh limestones ......... 1,000 

Belcmnite shales .......... 200 

Massive limestone (Middle Jurassic) 2,.500 

Lias ..2,500 


Owing to the extremely friable nature of the clay beds amongst 
which the coal lies, it is so hidden by d6bris that it is not possible 
to obtain an accurate estimate of its thickness. I succeeded i^ 
actually seeing it only at one place which was very • difficult of 
access on account of the steepness of the friable and insecure slope 
leading to it. The coal exposed at that place is in a very splintery 






Part 3.] VRE0BNBT3rRG : Sarawan^ Jhalawan and Mekran, 205 

I 

couditioR. Its quality is very poor, but I could not get a repre- 
Hentative sample without uncovering the outcrop which would have 
Caused undesirable delay. It is principally along the northern es¬ 
carpments of the great eocene plateau from Gishk hill to Melabi 
hill, that a search should be made for coal seams. Throughout 
•the eastern escarpments of the great plateau, the shales underlying 
the Middle Ehirthar limestone no longer belong to the Ghazij 
group, but to the less ancient Lower Khirthar which is not coal- 
bearing. The whole of the area occupied by the Ghazij outcrop 
is worth prospecting. The impure coal of Avagul near Mastung 
perhaps belong to the Ghazij series. It was examined by Mr. 
Tipper whose notes are appended to this report. 

In the list of marches furnished to me by Major Showers, men¬ 
tion was made of traces of coal at Shirinab west of Mastung. Un- 
fortiu^tely, I forgot this mention when travelling to Shirinab. The 
corre*ness of the information is shown by the occurrence of Ghazij 
shales along the western side of the Shirinab valley. . But the 
extremely disturbed condition of the strata along this outcrop does 
not favour the notion of easily working it. Not only are the 
strata along this outcrop greatly crushed and compressed, but, as 
is shown in the section, PL 9, they are almost vertical, which 
greatly reduces the. amount of available mineral. It is possible that 
the continuation of the same beds exists in a less disturbed con¬ 
dition beneath the Shirinab valley, but this could only be tested 
*by boring. 

2.—PETROLEUM. 


The rocks of the calcareoizs region do not appear suitable for 
the underground ^storage of petroleum, on account of their extremely 
fissured condition. The attempts hitherto m^de either to exploit 
petroleum springs or prospect for that mineral have mostly been 
■ carried ^out in places resembling the calcareous region dealt with in 
the present report, and this may account for the small measure of 
success hitherto attained. In the area here dealt with, there are 
two regions where the prospect seems somewhat more favourable : 
h&B Bela and Southern Mekran, where the rocks belong* to the 
"Kojak or Mekran system, and Kachhi, where they belong to the 
Siwaliks, 
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(a) Possible oil-field of Las Bela and the Southern 

Mekran. 

' ! As already explained, the rocks of the Mekran district consist of 
alternating shales and sandstones disposed in parallel folds closely 
packed in the interior of the country, but broad and shallow in the 
neighbourhood of the sea-coast. In the interior of the country, 
the' rocks are greatly crushed and disturbed, while they are very 
little altered near the coast. In this coastal region, the series con¬ 
sists of a mass of white or pale buff sandstones amounting in 
places to several thousand feet in thickness, known as the Hinglaj 
sandstones which are underlaid by pale-greenish shales or clays. 
There is a considerable thickness of these shales underlaid in their 
turn by alternations of shale and sandstone. The clays or shales 
are exposed in long narrow anticlines whose axes run parallel with 
the sea-coast. In-section, these anticlines have a very stee^roof 
shape along their axes, the dip of the strata becoming gradually 
shallower away from them. In the intervals between the anti¬ 
clines, the Hinglaj sandstones occupy the broad and shallow syn¬ 
clinal areas, constituting the Halii and Hinglaj ranges, the Dhnm, 
the Gurang, the Talar, the rocky promontories of Ormara, Gwadar 

and Junri. The structure is illustrated in the section, PI. 10. 

Such a structure is one ideally suited for the underground ac¬ 
cumulation of mineral oil. Petroleum, when present, always 

accumulates along the axes of anticlines, and, in the present 

instance, the steepness and continuity of the anticlinal axes, and 
the imperviousness of the covering clays are highly favourable 
features. -Although no actual flow of liquid oil has been observed 
at any place yet there are some reasons for believing that these 
strata are oil bearing. 

Foremost amongst these indications is the Recurrence of the 
mud volcanoes, precisely along these anticlinal axes; it is uncertain, 
however, whether the gases emitted contain gaseous hydrocarbons, 
such as would indicate the presence of liquid petroleum. Il«is con¬ 
ceivable that the anticlinal arches may be impermeable enough to 
arrest the upward passage of the stored liquid, and yet that minute 
Assures or pores might suffice to afford a passage to the gases. The 
water \^ich accompanies the gases does not rise from the depths 
of the anticlinal arches. It is merely stored in the overlying strata 
and is forced upwards by the gas rising from below \ its similarity 
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of composition with the neighbouring sea-water, and its temperature 
identical with that of the sea and air indicate that it originates from 
a small depth. Therefore the absence of liquid hydrocarbons from 
the products of the mud volcanoes is no indication that they do 
not exist imderground, and all the other circumstances seem favour- 
able enough to justify experimenting in order to ascertain their 
presence or accessibility. 

The best chances of success will bo obtained if the site for the 
experimental boring is selected at a place where the anticlinal roof 
has been considerably denuded in order to traverse as small a thick¬ 
ness as possible of the impermeable clay. This thickness is, in any 
case, an uncertain factor, because the exposures do not afford any 
means of readily ascertaining the thickness of clay or shale that will 
have to be traversed; but, of course, it will be least where a con¬ 
siderable portion has already been removed by natural agencies. 
Anofber uncertain factor is also introduced by the singular shape of 
the anticlines which have a very steep dip in the immediate neigh¬ 
bourhood of their axes. It is evident that if the site chosen is 
not on the actual axis of the anticline, the high dip of the beds 

will considerably increase the depth to which it will have to be 

carried before meeting the underlying layers. At the actual axis 
of the anticline the bedding is of course horizontal, but the strati¬ 
fication of these clay masses is so obscure that it is not possible 
to determine its exact position: consequently if the first boring 
could not be carried through the entire thickness of the clays, 
and therefore yielded no oil, it would still be necessary to sink 
new ones a little to the north and south of the line along which 
the first experiment was made, and the trials should be continued 
until one of these borings struck a sandstone bed. It is to be 
noticed that while this peculiarity of structure is unfavourable for 
prospecting, it is eminently well suited to storage. The left bank 
of the Hingol, north-east of the word “ Aghor ” on the map, 

would be a suitable place for the first trial. The success or failure 

of the initial experiments will indicate whether it is worth while 
investigating the other anticlines shown on the map. The borings 
must be started with a wide diameter, so as to be able to reach 
a considerable depth, between 1,000 and 2,000 feet if necessary. 
Moreover, the wider the boring, the more remunerative * would it 
be in case it struck oil; and the importance of the possible result 
is sufficient to justify a fairly largo outlay. 


c2 
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Further west, in Persia, mineral oil is remuneratively extracted 
from these same beds. In geological age, they correspond with the 
oil-bearing strata of Burma, and with the “ Schlier ” of Europe, that 
is with one of the most constantly petroliferous geological forma¬ 
tions. 

(&) Possible oil-fleld of K^hhi. 

Petroleum springs have been reported as occurring amongst the 
Siwalik strata surrounding the Kachhi plain. The districts of 
Sarawan and Bolan, the Mari and Bugti ‘country, are fringed by a 
zone of Siwalik hills bordering the Kachhi plain. In these hills, 
the Siwalik system consists of alternating sandstones and clays 
whose composition and frequently anticlinal structure seem quite 
favourable to the storage of petroleum. They are, therefore, worth 
prospecting at suitable places. Sulphur, salt and gypsum, the usual 
associates of mineral oil, are also found in these rocks. It shbuld 
be mentioned, however, that in Burma, the Siwalik system, although 
it seems favourably constituted for the storage of petroleum, is 
always sterile, all the oil being contained in the imderlying beds 
which correspond with the beds underlying the Siwaliks of Baluchis¬ 
tan, that is with the Mekran or Kojak system. 

8.—SULPHUR, SALT, ALUNITE, GYPSUM. 

Salt, sulphur and gypsum (sulphate of lime) are commonly met 
with in petroliferous regions. Sulphur is found both in the Mekran 
or Kojak series, and in the Siwaliks. In both series it has been 
deposited from sulphurous springs. I visited some deposits of 
sulphur in the Mekran series at Kan Berar in the State of Las Bela. 
The amount of mineral which they contain is too small to be 
profitably extracted. The mines of Sanni in Siwalik area 
bordering the plain of Kachhi appear to be much richer. 

{a) Sulphur and salt of Kan Berar. 

West of the southern portion of the alluvial plain of the Porali, 
separating that alluvial expanse from the Pohr valley, rises an 
anticlinal ridge of Hinglaj sandstones striking a few degrees west of 
south and ending southward by an anticlinal apse about 3 Tnilaa 
distant from the sea-coast close to the mouth of the Pohr. The 
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anticline has not been sufficiently denuded to expose the clay beds 
underlying the Hinglaj sandstones, except in its southernmost por¬ 
tion where some narrow outcrops oi the typical shales appear along 
the crest of the anticline which is somewhat more denuded than 
further north. A large mi^ volcano rises above these clays. The 
sulphur of Kan Berar occurs at the crest of the anticline quite close 
to its southern termina-flion. The crest of the anticline at that place is 
considerably denuded, yet rot sufficiently to expose the tjrpical Mek¬ 
ran shales that underlie the Hinglaj sandstones. The lowest beds 
exposed are alternating shaTes and sandstones belonging to a some¬ 
what higher horizon than the typical Mekran shales. Amongst the 
ravines cutting through these beds, are some intensely sulphurous 
salt springs. The cliffs overlooking these springs exhibit veins of 
sulphur and salt evidently representing the channels through which 
the mineral waters reached the surface at a time when the ravines 
had not been excavated to their present depth. Both the salt and 
sulphur are pure and well crystallised, but the amount is too small 
to be of economic value. 

{b) Sulphur and alunite in the Siwaliks. 

Of the sulphur mines situated in the Siwalik area, the best 
known are those of Sanni which have been profitably worked for 
many years. In addition to sulphur, these mines yield alunite (sul- 
pliatc of alumina). The mines have been •visited by Mr. Tipper 
whose notes on the subject are appended to this report. 

(c) Gypsum. 

The tertiary clays and shales of all ages, whenever they ate but 
slightly disturbed, contain numerous crystals of gypsum scattered 
through their mass. In regions where thes^ same beds have been 
converted into hard shales, the gypsum disappears, giving place to 
veins of calcite. Lastly, when the degree of alteration of the beds 
is carried still. further, so that they become slates, the calcite veins 
are replaced by veins of quartz. The gypsum observed in the 
region visited last season could be locally used for ma nufacturing 
plaster-of-Faris, bat I have not come across any continuous masses 
of the mineral, such as might be worth exploiting on a large 
scale. 
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4.—MINERALS CONNECTED WITH THE laNEOUS 

INTRUSIONS. 

(a) Copper and lead. 

The ores of copper and lead for which J ha la wan has long been 
known are mostly, if not entirely, connected with the great basic 
intrusions described in the Geological Summary. Being unaware of 
the situation of the intrusive zone before commencing our tour, it 
was not possible either for Mr. Tipper or myself to do any prospect¬ 
ing. Now that a map exists showing the position of the zone, it 
will be possible to investigate it in detail. The situation of the 
zone has been described in the Geological Summary and is indi¬ 
cated on the accompanying map. 

I have observed one instance where a copper deposit appears 
to occur in the eocene coal-measures, in beds newer therefore than 
the great intrusions. This is between Ziarat and Johan, in Sara- 
wan, at the same locality where I saw the coal-seam above de¬ 
scribed. The locality was indicated to me by Duffedar Sarang Khan. 
The lull-slopes at this place are so friable and the gBound so much 
broken up, that I was unable to find the actual ore-body, probably 
a vein, but the hill-slopes were strewn with its weathered products, 
in the shape of concretions of malachite and azurite (carbonates of 
copper). I did not succeed in obtaining any of the unweathered 
ore, but some of Sarang Khan’s specimens contain, beneath the 
crust of carbonates, a* core of copper-glance, one of the richest ores 
of copper. This ore deposit is worth closer examination than I was 
able to give it. From its position amidst eocene strate it appears 
to be much newer than the basic intrusions. Perhaps it represents 
a product of solfataric phenomena that may have lingered beyond 
the era of the great volcanic eruptions. In other parts of Balu¬ 
chistan 1 have come across igneous intrusion| cutting through 
eocene strata, and representing a period of igneous activity (not 
necessarily volcanic), newer than the Deccan Trap, and whose age 
is oUgocene or lower miocene. This is perhaps the case with the 
vein near Johan, and, if so, it would constitute an exception to the 
usual age of the metallic deposits of this district. 

Formerly lead and other minerals were obtained from the mines 
of Shekran near Khozdar, apparently connected with the typical 
basic intrusions of cretaceous age. The mines were visited by 
Mr. Tipper, whose notes are appended to this report. 
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(6) Magnesite. 

Some 7 or 8 miles south of Wad, north of a camping ground 
known as Bania Paui, the serpentine intrusions are crowded with 
veins of a white mineral which I took to be magnesite. The net¬ 
work of veins is sometimes so dense that the hill-sloj)cs appear en-i 
tirely white. The specimens liavc got mislaid on their way to 
Calcutta. If they can be recovered, they will be examined in the 
laboratory, and a note added to this ^report. Magnesite thus 
situated and in such abundance might be worth extracting in the 
event of a railway extension to Las Bcla.^ • 

{c) Serpentine. • 

The serpentines so largely developed along the intrusive zone 
constitute sometimes handsome ornamental stones. Some varieties 
are wrought into small ornaments at the pilgrimage place of Shah 
Billawal. 


5.—IRON PYRITES AND BARYTES. 

Large concretions of marcasite (a form of iron pyrites) are 
commonly found in the lateritic layers ^^at the jimction of the Belem- 
nite shales with the underlying Jurassic, but not in sufficient fbnount 
at any one locality to be remuneratively extracted. 

Barytes has been observed in the Belemnite shales by Mr. 
Tipper whoso notes are appended to this report. 

6.—IRRIGATION. 

The area dealt with in this report includes most of the lesg arid 
portions of Baluchistan, this 'being especially the case with the Mek- 
ran district. My observations were too hurried to enable mo to 
make suggestions regarding any extensive scheme of irrigation, but 
I have seen enough to feel convinced of the desirability of making 
some provision to save the enormous •amount of water that yearly 
runs to waste. Apart from the possibility gi storing a vast amount 
of water from occasional showers, a great* deal could be done to 
turn to better account, than it is at present, the considerable per- 

1 Since our visit to Las Bela, manganese-ores have been discovered in this State- 
Precise details at© not yet available. The ore is psilomelano. 
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enixial flow of the large Mekran rivers. The artificial dams and 
terraced fields known as “ gorband ” whose presence in the Nushki- 
Chagai district appears to indicate a recent dessication of that tract, * 
are extremely numerous throughout Jhalawan, Sarawan and the 
Mekran. In a great many cases these structures have been erected 
as dams across considerable streams, but have now fallen in dis¬ 
repair, and have been largely carried away by floods. The climate 
has probably not deteiiorated so much as that of the districts 
further north. The gradual dwindling of the lakes occupying areas 
of closed drainage which must have acted so powerfully in causing 
the dessication of the desert further north, has not affected .to the 
same extent the ^eas here reported upon, for their drainage is, for 
the greater part, connected with the ocean, and even the portion of 
the Mekran tributary to a closed-drainage area, feeds a river of 
considerable size, the Mashkhel. 

In the calcareous districts of Baluchistan, the narrow gorges 
interspersed along the course of the rivers seem favourable to the 
building of dams that would allow the formation of artificial reser¬ 
voirs. The fissured condition of the calcareous masses might inter¬ 
fere with the water-tight character of the reservoirs to an extent 
that cannot be predicted, as no important work of the kind has 
yet been erected in Baluchistan. 

There are no fissured limestones in the western region, where 
perennial rivers such as the Hingol, the Mashkhel, the Dasht and 
some of their tributaries could be turned to account for irrigation 
to a far greater extent than they are at present, by constructing 
dams at suitable places. All along the course of the Lower Hingol, 
south of latitude 26^, there are large areas of absolutely barren soil 
on ^ther bank, the reason being that the river is encased between 
shale banks some 30 feet high which it never overflows even when 
in flood. By constructing dams and canals to disftibute water over 
such areas, these plains could be cultivated. At Hingol itself, where 
the river Anally emerges from the hills, the same thing could be 
done to irrigate the plain • extending up to the sea-coast. The 
construction of a seriei^ of such works along the river would also 
tend to check the disaibtrous floods to which it is subject. 

Still more than in the case of the Hingol, works of a similar 
nature are desirable in connection with the Dasht river and its 
tributaries, on account of the vastness of the alluvial plains which 
it traverses, the excellence of their alluvial soil, and the large 
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volume oi water carriedjfby the river. I have not visited the 
river gorges north of the Sami and Mand plains, respectively east 
and west of Kej, but judging from the map, they appear well 
adapted to the creation of artificial reservoirs that would still 
further enhance the fertility of the Kej plain. Another work at 
the gorge north of the Dasht plain would confer similar advantages 
to that fertile expanse of splendid soil, while a canal could be con¬ 
structed to bring a plentiful supply of dr^king water to the well 
situated harbour of Junri. Along the tall ranges north of the Kej 
valley, many minor works could be constructed to economise some¬ 
thing of the large amount of water that runs to waste after every 
phower of rain. 

It shcjuld be possible to treat the Mashkhel in the same way, 
but this would benefit mostly territory belonging to Kharan. 

Of course such works would require a large outlay. But the 
potentiality of the Mekran seems to me so incomparably superior 
to that of any other part of Baluchistan that the matter deserves 
careful consideration. The climate is suited to all kinds of crops: 
wheat, cotton, indigo, sugar-cane, rice, etc. The population appears 
intelligent and industrious. If the natural water-supply of thfi 
region could be made available to its fullest efficiency, the province 
could support throe or four times its present population, and would 
become a prosperous annex of the fertile portions of Sind, 

With regard to the chances of artesian wells, it is to be noticed 
that the geological formation that yields the artesian water of 
Baluchistan is not greatly developed in the region which I visited 
during my last tour. This is the recent taliis or “ daman ” de¬ 
scribed in the Geological Summary. Owing to the less arid condi¬ 
tions of the region, combined frequently with a smaller relative 
altitude of the hills, this formation does not attain anything lilA the 
proportions which it has round Quetta, or in the Zhob or Chagai 
districts. When developed at all conspicuously, it usually spreads 
out at a very shallow angle, so that a high pressure in the under¬ 
ground reservoir cannot be expected. At the foot of the northern 
slopes of Melabi hill, at the south-east comer of the southern Zahri 
plain, the western border of the Kachhi plain, in the plains of Jhau 
and of Kej, the talus seems sufficiently developed to indicate the 
possibility of artesian conditions, but in all these places drinking 
water is to be had in abundance and an artesian well would not 
be of great utility. 
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APPENDIX. 


Sotes on f*ome niinerala. 

By G. H. Tippei*, Assistant Superintejident^ Geological Survey of India, 

Haigtes, —This mmeral is found widely distributed through Kalat and Las 
Bela States in the Belemnite shales of Jjower Cretaceous age. It has also 
been found in the middle Khirthar sliales. Tho two chief localities are 
the lower scarps of the Bab range near Pabni chauki and the Sarmowli 
river between Cliad sMd ^njira. Wherever found the mineral occurs as 
scattered concretions in association with nodules of pyrites. Of the two 
localities the Sarmowli river is too remote from any centre: while that near 
Pabni is very favourably situated, as it is only about two days’ march from 
Karachi. Barytes has a considerable commercial value in Calcutta, but I 
am not in a position to say whether there is any market in KarachL From 
the mode of occurrence of the mincial it is impossible to estimate £he quantity 
available, but considering the great outcrop of tho Belemnite shales in the 
vicinity there must be a fair amount of tho mineral scattered about. 
Sulphur. occurs at the Bhitari river near fcJanni, at Gokurth and 
Draj Bent in the Bolan Pass. In the Bolan the outcrops are much 
obscured by sinter deposits. It is of interest as the rock in which the 
sulphur occurs is a massive limestone of Upper Cretaceous (Cardita 
• Bcaumonti) ago. At Sanni the sulphur has been at one time extensively 
mined. 1 was told tlxat this was done on behalf of the Amir of Af¬ 
ghanistan and that mining was stopped at the British occupation. Bince 
then the openings have all been stopped by dt^bria and in addition the 
mine has at some time been set on fire. I had tho mine cleared, but the 
opening proved too small to allow me to get down any distance. Some 
ufthe escort managed tq scramble in for some way and got good speci¬ 
mens for me. The sulphur occurs as veins and impregnations in tho 
clays of the Siwaliks. Some of the clay-bands are so full of sulphur 
that they bum with ease. Small quantities aro even now extracted for 
the local manufacture of gunpowder. 

Alunogen or Sulphate of Jlumina occurs in veins associated with the sulphur. 
}t is almost pure and ^as at one time used as a mordant. Both the 
sulphur and the alunogen havo been deposited from sulphurous springs. 
Pctrolemn shows are to be scon both near Sanni and ia the Bolan. They 
do not, i think, indicate that there are reservoirs of oil waiting to 
tapped, but they rather point out places wliere the oil has boon and 
from which it has escaped. The experiment of boring for oil was tried with¬ 
out success at Kirtha in the Bolan. At the suiphur mines of Sanni I 
was informed that the purification of the sulphur was carried out by 
means of the earth-oil found in the mines. From the description given 
me it must be like that of the Bolan, a thick tarry maltha, and it 
seems doubtful whether tbei'e is any reservoir of oil, 

Zead and Antimony .—According to ail the inhabitants of Jhalawan both 
lead and antimony are found at numerous localities in the province. 
This is piobably quite true, but the only place where these metaU are 
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known to occur in at Sliekran, about 14 milos north of Khozdar. This 
locality waB visited by Dr. Cook about 60 years ago, at which time no 
work was being done. Previous to this they had been seen by Masson in 
1843. He gives a description of the method of smelting, which resembled 
that of the open hearth process. At tho present time small pieces of 
native (?) lead washed down by the streams provide tho Brahui with the 

« necessaiy lead for bullets. The mines occur in the hard blue limestones 
of the*Ldas and in the rather softer beds of the middle Jurassic. They 
are extremely numerous and many of them are now blocked by debris, so 
that it is impossible to say whether tiroy are merely surface diggings 
or not. The old method of working seems to have been very simple. 
Tho ore was extracted, sorted at the mouth of the pit and the selected 
ore was taken to a spot near the streaip to be smelted. At this spot 
there is a large heap of slag now partly over-grown with “pish.”l 
When the mines were in full swing there must have been a much Jaiger 
supply of fuel in the vicinity than there is at present. Tho chief ore is 
cerussite or carbonate of lead. So far no ores of antimony have been 
found, but analysis of the slags shows antimony present in every case, so 
that antimony ores are almost certainly there. Amongst other specimenH 
some manganese-ore was picked up, but it is entirely superficial in origin. 
None of the slags contain any traces of silver, so that it is doubtful 
whether silver-lead ore does occur. Supposing that a fairly rich metal¬ 
liferous vein wore discovered in this locality, it would bo impossible to 
smelt it on tho spot, account of lack of ^fuel at any convenient dis¬ 
tance. It would, I think, never pay to carry cmde ore the present 
great distance to the railway. 

Coal ,—At Avagul, south-east of Mastung, there is some carbonaceous shale. It 
occurs in shaly limestones of Lower Eocene age. It is of no value as fuel 
Copper ,—Beyond occasional traces of copper, no true vein of copper ore was 
discovered, although search was made on every possible occasion. 

E]I1flanation of plates. 


Plate H. 

Section shoeing position of coal-seam at Ziarat, west of Johan. 

Plate 9. 

Scclion showing position of “ Laki’’strata in the Sliirinub valley, 

Plate 10. 


Section illustrating tho geological structure near the Mekran coast. 

Plate 11. 

Diagram illustrating the position of anticlinal axes in Eastern Baluchistan 
and Western Sind, 


Plate 12. 

Geological map of Eastern Baluchistan and Western Sind. 


1 Nannorhops Bikhkanaf Wdl.-C^m(erop9 RiUJU^amu OriS. 
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Note on a Hjppurite-Bearing Limestone in Seistan 

AND ON THE GEOLOGY OF THE ADJOINING REGION. 

By Ernest W. Vredenburg, A.R.S M. , %.R.C.S., 
F.G.S., ^Assistant Sttperinkndent, Geological Siirvey of 
India. (With Plates 13 to 16.) 

« 

INTRODUCTION. 

Ainougst a geological collection from Seistan, forwarded to the 
Geological Survey of India by Mr. T. R. J. Ward and Sir Henry 
McMahon in 1905, there are a few fossils which are of special 
interest as they include specimens of Hippurites. The locality 
is situated nearer to the frontiers of the Indian Empire than any 
other in which specimen^ of the genus have been discovered. Up 
to the present there is *do instance on rec&rd of a true hippurite 
having been found in India. 


OUTLINE OF THE GEOLOGY OF SEISTAN. 

By piecing together the information gathered by Huntington 
{The Basin of Eastern Persia and Seistan, Carnegie InstitiUion, 
1905), McMahon {Recent Survey and Exploration in Seistan, Geog, 
Journ., 1906), and the surveys previously accomplished by me 
{Geohgiced Sketch of the Baluchistan Desert and part of Eastern' 
Persia, Mem. Geol. Surv. Ind., Vol. XXXI, 1901), it* is now possible 
to form a fairly connected idea of the Geology of Seistan. 

The populated districts of Septan are distributed through the 

lowest lying portions of one of those 

IwS™ V*!? ™tof dosed 

drainage, intervening between mountain 

ranges, such as oharaoterise many parts 

of Persia and Central Asia. In this particular case, the depression 

oooupies a considerable portion of Southern Afghemistan, stretch- 
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ing from east to west for a distaiioe of some 320 miles, the 
breadth from north to south being about 180 miles. The lowest 

Helmand rlTei and d.Ita. "“=*7 

margin of the depression. The greater 

part of this area is a desert, except along the banks of the 
Helmand river, and in the more deeply depressed western 
portion where numerous artificial canals supply water for irriga¬ 
tion from the distributaries of the Helmand. This river spreads 
in delta fashion over the lowest lying part of the tract, some 
portions of which are flooded by shallow sheets of water whose 
extent varies according to the season of the year. In 
addition to the Helmand, several rivers, of which the most 
important are the Ehash Hud, the Farah Bud and Harut 
Bud, enter the depression of Seistan proper along its north-eastern 
or northern margin and contribute to supply water and silt to 
the area occupied by the shallow lakes. 

The shallow lakes of Seistan proper contain fresh water. The 

soluble salts washed into them from 

Seistan itroner * * * considerable drainage area do not 

accumulate, because the lakes are flushed 
during exceptional flooda, the surplus water overflowing into a 

still deeper depression, the Zirreh Lake, 
situated south of the populous portion 
of the province. The water of the Zirreh Lake is saturated with 
salt. 

From a geological point of view, the constitution of Seistan 

is the same as that of the adjacent 
constltntioil depressions of Persia and Baluchistan, 

some of which have already been 
surveyed and described with some detail. The encircling hill ranges 
_ , contain a varied sequence of highly 

nc re ng ranges. disturbed rocks amongst which cretaceous 

and eocene strata especially predominate, while the depressed area 
is occupied by undisturbed or slightly disturbed formations belong¬ 
ing to three successive formations: the Siwaliks (or “ Gobi 
formation ”) mostly of pliocene age, the pleistocene alluvial 

^ ^ , irravels and clays, and recent accumula- 

Desiccation of tliede- ?• rr.i. xu «« ^ j -i. 

pressed areas. tions. These three groups of deposits 

represent three successive stages in the 
desiccation of the vast inland seas that were out ofl from 


The Zirreh Lake. 
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the ocean in later Tertiary times by the orogenic upheavals that 
occurred during that period. Only, while the recent formations 
and even the pleistocene accumulations show no distinct signs 
of having been disturbed since they were deposited, the Siwaliks 
have been distinctly affected by movements of the earth’s crust. 

Over the almost horizontal spreads 

Disturbance of Siwaliks. constitute the greater portion of 

the depressions, these movemeixts do not amount to anything more 
than a more or less local warping; b\it, all along the margins of 
the depressions, where the Siwalik beds border the mountainous 

Siwaliks nptnrneil along ranges, these same deposits are violent- 
tUe mavsiiis of the ly upturned, being tilted at high 
depressions- angles, and affected by overthrusts in¬ 

dicating in all cases a direction of movement from the mountainous 
towards the low-lying region. The warping and tilting of the 
Siwaliks and the concomitant overthrusts must date back to the 
pliocene, and accounts for the manner in which these beds which, 
originally must have been deposited with a near approach to uni¬ 
formity and horizontality over the floor of the inland seas, are now 
observed at varying altitudes. The inequalities in the floor of 
the depressed areas left dry by the desiccation of the inland seas 
are to be attributed largely to this pliocene disturbance. It is 
very likely however that a closer study than has been hitherto 
practicable, would reveal a certain amount of disturbance amongst 
the pleistocene accumulations, such as has been distinctly shown 
to have taken place in many parts of India, both in the peninsular 
and extra-peninsular regions; normal faulting seems to have affected 
the margins of the depressions in post-pleistocene times. Numerous 

__ ^ . volcanic cones bear testimony to a 

YOlcaiiio»maiiifestatioiis- 

earthquakes that an^t definite Imcs 
along the margins of the depressed areas. Sir Henry McMahon 
lias dfawn attention to a line of disturbance of this nature from 
Chaman to Nushki along the easterr margin of the groat depres¬ 
sion of Southern Afghanistan. Along the margins of the low- 
lying western portion, volcanic manifestations are numerous, and 
include the Koh-i-Sultcn, Damodim, Kob-i-Dclil, Mit Koh, and 
another unnamed cone, all of which are situated south of the 
Zirreh Lake, and have already been described in these publications 
{Mem, Geoh Surv, Ind.y Vol. XXXI, pp. 274—283, 1901), while in 
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Seistan proper, the Koh-i-Khwaja^ and Koh-i-Chako are of a similar 
nature. 

These orust disturbances account quite sufficiently for‘a feature 
^, 1 ^ ^ t,. 1-1 i bas puzzled many observers in 

enSn? tkeSimimi “ Seistan: the ^pression occupied by the 
• delta of the Helmand and the shallow 

lakes of Seistan and the Zirreh Lake is surroxinded by cliffs of 
horizontal (or nearly horizontal) Siwalik strata whose shapes are 
evidently determined by ordinary erosion. As tlese cliffs surround 
an area which is the lowest lying portion of an inland basin, it 
seems difficult to account for the disposal of the materiel removed 
by denudation if one supposes these cliffs to consist of undisturbed 
meterial. The supposed absence of disturbance is, however, only a 
deceptive appearance caused by the horizontality of the deposits 
away from the margins of the pleins. That the horizontality is 
neithei general nor absolute, oven in such situations, is distinctly 
shown by some of the photographs communicated by Mr. Ward, 
and also by Huntington’s diagrammatic section through the Koh-i- 
Khwajp {Basin of Eastern Persia and Seistan, fig. 168, p. 286, 
1905), wlxile the highly disturbed condition of tliese same beds along 
the actual margin of the depression is evidenced clearly enough 
in a photograph which I have reproduced in a previous publication 
of this department, and wliich represents an exposure of this for¬ 
mation situated some 20 miles west-south-west of the western ter¬ 
mination of the Zirreh Lake {Mem. Geol. Surv. Ind., Vol. XXXI, 
PI. 12). As there have been, therefore, considerable crust movements, 
it is quite to bo expected that beneath certain parts of the lowest 
lying area the Siwaliks lie buried under a considerable depth of 
pleistocene and recent accumulations representing the material 
derived from the erosion rendered evident by the features of the 
cliffs above alluded to. 


1 The volcanic rocka from the Koh-i-Khwaja include : 

1. Porphyritic doleriie with phenocryatH of labradorito and augito in a base of 

smaller crystals of the same two minerals plus iron-ore ; there is some 
secondary serpentine. (G —2*72.) 

2. Very fine grained basalt consisting* of minute crystals of felspar, augitc, and 

iron-ore dust, with a few small porphrUio crystals of augite. (G-2*81 to 
2-i)0.) 

3. Very porous andesite of a dull brick-red colour, almost a pumice ; the minute 

vosiclos contain ox>al and zeolite, while some larger cavities contain calcite. 

4. Ash-beds. 

These rocki recall somewhat those of another small volcanic outburst occurring in the 
southern part of the Seistan dopressioij, and already mentioned in a previous publication. 
{Mem. O. S. I., Vol. XXXI, p. 283,1901.) 
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Confnsion between Siwa- 
Uks and sub recent forma¬ 
tions 


Seistan is noted for the violence of the wind that sweeps across 
„ _ the country for months at a time. 

0 ay eon Huntington, McMahon and many other 

observers have drawn attention to the extraordinary amount of 
eolian denudation which it produces especially ^mongst the soft 
recent deposits. Though this might be sufficient to counterbalance 
to a great extent the accretion of the sediment due to the silt 
brought down by the Helraand, it would not suffice for the local 
formation of the depression which there is every reason to ascribe 
to tectonic influences. 

One of the reasons that have somewhat obscured the obvious¬ 
ness of this simple explanation is the 
failure, on the part of many observers, 
to recognise that a considerable 
potion of the deposits occupying 
the plains of Baluchistan, Persia, and Central Asia are identical 
with the Siwaliks. Instead of their being interpreted as lake or 
inland-sea deposits of Tertiary age, they have often been regarded 
as an ordinary alluvial formation of much later date. These rocks 
were unhesitatingly referred to the Tertiary era by Griosbach when 
he first observed them in the plain of Pishin near Quetta {Mem. Geol. 
Surv. Ind., Yol. XVIII, p. 18, 1881,-22ec. Geol. Surv. Ind., Vol. XVIII, 
p. .58, 1884). Partly through an accidental misapplication of the 
term “Gaj ” (a name belonging to a series older than the Siwaliks, 
but misapplied by Griesbach in consequence of a misapprehension 
as to its meaning), Griesbach’s interpretation did not gain credit 
with his successors who referred the deposits in question to a sub- 
recent ago. and denied their lacustrine origin {Rec. Geol. Surv. Ind., 
Vol. XXV, p. 36, “Manual,” 2nd ed., p. 417). 

The researchei^ of the last few years have fully established 
the correctness of Griesbach’s views, and the identity of these beds 
with the Siwalik formation of India and the Gobi formation of 
Central Asia. 

The Siwalik strata, whether comparatively undisturbed or else 

violently tilted, consist principally of 
Character of the Siwalik alternating pink and greenish clays 
strata. occasionally sandstones and con¬ 

glomerates. This at least is the character of the bulk of the 
formation, constituting the middle- sub-division. Greeni8h«grey sand¬ 
stones predominate in the Iiower Siwaliks, while in the Upper 
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Siwaliks there is often a considerable admixture of coarse fluviatile 
conglomerates and of bufi-coloured clays recalling the pleistocene 
formations. 

A number of detailed measured, sections, consisting principally 
of the alternating pink and green clays, observed along the north¬ 
western border of the depression of Seistan proper, have been 
represented by Huntington on Plate 5 of his work on the basin 
of Eastern Persia and Seistan. 

The pleistocene formations consist largely of alternations of 

Pleistocene foramtlon. ";<>« “ 1^ sendy el.^ 

ing the characters of sediments deposited under water, they recall 
ordinary alluvial deposits, indicating that the inland seas of the 
Siwalik period were then to a considerable extent dried up. Yet 
judging from the terraced disposition of these pleistocene deposits, 
a portion of the basins must have been still occupied by water, 
and the pleistocene deposits only became largely eroded when the 
water level finally sank in post-pleistocene times. 

The pleistocene formations consist largely of great accumulations 

Tlie laess imstratifiod buff-coloured clay exhi¬ 

biting the character of the “ 1 jess,’* 

The arid plains strewn with black pebbles that constitute the 

^ plains known as “dasht” owe their 

“Daslit*’ plains strewn •• 4 .. 4 .U i*.. 

'With black pebbles. pleistocene conglomerates: 

the pebbles are laid bare by the wind, 
which removes all traces of the silt that once enclosed them, 
they become coated with a thin film of hydrated oxides of man¬ 
ganese or iron as is usually the case in desert coimtries. 

The recent accumulations of the 
Helmand delta consist of ordinary river 
silt. In order to give a clear idea of the physical and geological 
relations of Seistan and of the adjacent lands, the small diagram, 
FI. 13, shows the main features of the geology of Baluchistan 
and Southern Afghanistan so far as known at present. 


Recent deposits. 


FOSSILIFEROUS CRETACEOUS LIMESTONES. 

The only'. fossils gathered in sUu amongst the specimens for- 
■ warded by Sir ^Henry McMahon are those mentioned in the intro- 
to this note. They were collected amongst the hills 

• P 
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forming the north-western margin of the Seistan swamps. These 
hills constitute the most south-easterly spurs of one of the moun¬ 
tain ridges which, from the neighbourhood of Birjand, in eastern 
Persia, extend, with a south-easterly strike, towards the borders 
of the Seistan depression. The ridges gradually decrease in alti¬ 
tude on approaching the depression, and terminate in isolated 
spurs entirely surroimded by the Upper Tertiary (“ Siwalik ” or 
“ Gobi ”) and sub-recent formations that fill the Seistan depression. 
Two such isolated masses constituting the terminations of one of 
these ridges, and along the summits of which has been carried the 
frontier line between Persia and Afghanistan, have yielded the fos¬ 
sils in question. The more north-westerly and the larger of these 
two islands of older rocks is known as Koh-i-Nahrahu or Koh-i- 
Siah, and rises to an altitude of 4,984 feet, some 3,430 feet there¬ 
fore above the level of the swamps. The smaller, and south¬ 
easterly one, known as Koh-i-Maku, rises to a height of 3,900 feet. 

Judging from Mr. Ward’s photographs and the notes supplied 
by Sir Henry McMahon, the rocks constituting these hills dip at 
high angles, the stratification being contorted. 

All the ranges running close to the Perso-Afghan frontier from 
the neighbourhood of Meshed to Birjand are disposed along this 
same south-easterly direction of strike. On reaching the longitude 
of Seistan their direction veers round and becomes more easterly; 
in the case of the ridge terminating in the Koh-i-Nahrahu and 
Maku, this change of direction cannot be observed, because the 
older rocks constituting these ridges sink beneath the horizontally 
bedded fate Tertiary and Quaternary beds of the depression. North¬ 
east of the depression, the eastward-striking portion of several 
ranges belonging to the same system was crossed by Mr. Griesbach 
during the march of the Russo-Afghan Boundary Commission in 
1883. 

They are described by Mr. Griesbach as consisting of hippuritic 
limestones invaded by various intrusive igneous rocks (Rec. Geol, 
Surv^ Ind., Vol. XVIII, p, 60, 1884). 

Koh-i-Nahrahu and Maku also consist of a hard grey limestone 
which yields well-preserved specimens of two species of HippurUes, 
There are also some specimens of rock showing a brecciated struc- • 
turc, with fragnients of a green porcellanic-looking limestone em¬ 
bedded in a grey calcareous matrix. The green fragments resemble 
some of the rocks known in Baluchistan as Farb limestones 
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whose age is Neocomian. . In the present instance, however, the 
available material is insufficient to decide whether these Neocomian 
rocks are represented. 

The fossils include a hippurite which I have regarded as identical 
with Hipjyurites gosaviensis Douvill6, an undescribed Pironcea 
which I propose to name Pironcea persica, sections of a Plagio^ 
ptychus, a large ribbed Pecten, a large very singular lamellibranch 
which I have been unable to identify, and is perhaps related to 
thd PinnidcB (PI, 16, fig. 2), casts of a large, very elongate Nerinea 
(PI. 16, fig. la, 16), and of a large naticoid shell! 

Hippurites gosaviensis seems to characterise, in Europe, the 
Upper Turoman or the beds at the limit of the Upper Turonian 
and Lower Senonian. The species of Pironcea so far described 
are regarded as Upper Senonian, but the present one exhibits more 
primitive features than its congeners, and its presence is not there¬ 
fore out of keeping with the attribution of a Lower Senonian or 
uppermost Turonian age to these rocks. 

DESCRIPTIONS OF THE HIPPURITES. 

The two species of hippurites may be briefly described as 
follows : 

Hippurites gosaviensis Douville. 

Pl. 14, figs, 1, 2. 

1866.— H, cornuvacdnum Zittel, Die Bivalven der Gcsaugebilde 
(Denkschr. der Kais. Akad. der Wisscnsch., Vol. XXV, 
p. 135, PI. XXI, figs. 1—7). 

1890.— H, gosaviensis Douvill6, Etudes ser les Rudistes (Mem. Soc. 
Geol. Ft., No. 6, p. 24). 

:895.—wf., he. cU. (PI. XXIX, figs. 1—6, PI. XXXIII, fig. 5). 

There are unfortunately no specimens of the* upper valfe. The 
lower valve in young specimens up to a diameter of about 8 
centimetres is conical, and more or less curved or deflected in 
various directions. . Full-grown specimens become cylindrical, and 
some of the fragments are as much as 25 centimetres long, for a 
diameter of 8 or 8*5 centimetres. The greatest diameter observed 
amongst any of the specimens is 10*5 centimetres. 

Externally the outer layer is ornamented with close-set angular 
ribs, delicately striated transversely, the intervening furrows being 

-s’ 
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also angular; their average width from furrow to furrow is about 
3 millimetres. The position of the two pillab is indicated exter¬ 
nally by grooves slightly deeper than the other furrows; the 
groove corresponding to the cardinal ridge is somewhat more 
pronounced and distinguished by the obliquity of the transverse 
striation disposed in “ herring-bone ” fashion as is usual in 
hippurites. 

When the outermost layer of the envelope is broken off, the 
inner layers appear ornamented with ribs that are much less promi¬ 
nent than those of the outer layer, while the furrows coinciding 
with the pillars and cardinal ridge are much more pronounced than 
when the external surface is intact. 

The internal disposition of the internal pillars, cardinal ridge, 
teeth, and muscular apophysis is invariably that which character¬ 
ises Hippurites gosaviensis. None of the specimens show every 
one of these parts with perfect distinctness, but by piecing together 
the indications furnished by separate individuals the main outlines 
of the plan can be discovered. The first pillar is circular in 
section and supported on a much shorter ridge than the second 
pillar which is more elliptical. The supporting ridges are exces¬ 
sively slender, and that of the second pillar is constantly deflected 
posteriorly, that is away from the first pillar and from the cardinal 
ridge. Amongst Douvill6’s illustrations the only one representing 
any tendency to such a disposition is that of a specimen collected 
by Carez in the Corbieres !(text-figuxe 15). The constancy of this 
character in the Seistan specimens probably represents a racial 
character.^ The cardinal ridge is long and slender and terminates 
somewhat irregularly. The shape of the posterior tooth and mus¬ 
cular apophysis and of their respective alveolae cannot exactly be 
made out in any of the specimens owing to the crystalline condi¬ 
tion of^he calcite^filling them; but their relativ% position can be 
recognised as being transverse to the first pillar, and agrees there¬ 
fore with that which characterises H, gosaviensis, the posterior 
muscular apophysis always extending internally beyond the first pillar. 
Fig. Ic, PL 14, shows the upper surface oi an almost perfect 
lower valve, of which two side views are also given (PI. 14, fig. 
la, 15). The projections from the upper valve and their correspond- 
ingj^alveoloe are concealed by remnants of the shell substance of 
the upper valve, but the specimen shows very clearly that the 
Bj^ace in front pf anterior pillar is occupied by sfiell sql^tance, 
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indicating that the alveola for the muscular apophysis extends 
further inwards than the extremity of the first pillar, a very 
characteristic feature of H. gosaviensis. The same specimen also 
shows very clearly the absence of any anterior accessory cavity in 
front of the car(^al ridge—also a character of this species. 

Fig. 2, PL 14, represents a somewhat weathered and frag¬ 
mentary upper valve whose upper surface has been partly polished, 
showing clearly all the leading features: the cardinal ridge and 
pillars, the body cavity and scars of adductor muscles, and the 
position of the teeth and muscular apophysis of the upper valve. 
The annexed outline drawing will help to understand these features 
on the photograph :— 



^ Rg. 1. —Section of Sippurites goBaviensie- 

(See PI. 14, fig-2.) 

B', alveola of anterior cardinal tooth; B, alveola of posterior cardinal 
tooth; mp, socket of posterior musctilar apophysis; L, cardinal ridge;'S, 
first pillar; E, second pillar; D, body cavity; mo, anterior muscular 
scar. 
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A curious feature of all the specimens is the silicification of 
the two pillars, this being the only part of the shell that has 
undergone this pseudomorphous change. 

Fironsaa persica, nov. sp. 

Pl. 15, figs. 1—3. 

Descriyiion .—The specimens are slender and soon acquire a 
cylindrical shape with a diameter of 4 to 5 centimetres. 

The upper valve, preserve(^ only in one specimen, is conical- 
depressed, and covered with pustuliform protuberances. The state 
of preservation is not sufficiently good to ascertain exactly the 
shape of the pores though they seem to bo linear; they are 
surrounded by polygonal meshes. 

Externally the lower valve is ornamented with very angular 
ribs of greatly varying dimensions. Owing to this irregularity, 
the grooves corresponding with the pillars and cardinal ridge cannot 
be distinguished. 

Intenially, in addition to the pillars and cardinal ridge, there 
are eight very pronounced inward projections of the internal layer 
of the shell-envelope. Even in the largest specimens, the spaces 
between these projections are not subdivided as is usually the case 
in adult individuals of other species of Pironcea, but merely re¬ 

produce, in an inverted manner, the shape of the intervening 
prominences. It is only in the rather broad interspace next 
the second pillar, and between the pillars and cardinal ridge, that 
secondary inflections resembling those of other species of Pironwa^ 
are to some extent developed. 

These internal projections do not in any way correspond with 
the grooves on the outer surface of the shell, and the outer layer 

does not adapt itself to the inflections of the inner one. The shell 

is consequently thicker than is usual for Pironcea, The disposition 
is, in a way, the opposite of that observed in Batolites where 

the inflections occur- in the outermost layers, the inner outline 
of the external envelope remaining unaffected. In the present 
case, the inflections affect the inner layer of the envelope and not 
the outer one, while in a normal Pironcea, both layers are affected. 
Nevertheless, the disposition is essentially that of a Pironcea^ and 
the absence of deep inflections in the outer layer, together with the 
absence of secondary inflections in the inner one, suggests that 
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we are dealing with a type more priimtive than those previously 
described. ^ 

The cardinal ridge is broad and well developed, ternainating 
in a blunt point. The first pillar is somewhat shorter than the 
second; both are supported on stout ridges. Owing to the sec¬ 
tioned specimen having become irregularly stained during the 
process of fossilisation, these features are not quite so clear as 
might be desired on the photograph. The annexed outline draw- 
iug, fig. 2, will help one to understand them more clearly:— 



Fig. 2—Section of Pirmcea peraica- 
(See PI. 16, fig. 3.) 

f 

L, cardinal ridge ; S, first pillar ; E, socond pillar. 

The disposition of the posterior tooth and posterior muscular 
apophysis cannot be clearly made out, the corresponding part of 
the shell being partly destroyed in the sectioned specimen. 

Comptmson with other species .—This species differs somewhat 
from its congeners owing to the circumstance, already alluded to, 
of the inflections affecting but one portion of outer layers of the 
shell, the disposition being son>ewhat the opposite of that observed 
in Batolites : while it is the outermost envelope alone that is in¬ 
flected in BcUoUteSy it is only the internal portion of the envelope 
that is folded in Pironcea persica. Moreover, P. persica is readily 
distinguished from adult specimens of the European species P. 
pohjstylus Pirona, owing to the almost complete absence of secondary 
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inflections- There is another Asiatic species of PironeBa^ P. 
^orrugata Woodw., the exact locality of which is not absolutely cer¬ 
tain, but which occurs together with Hijypurites vesiculosusy a 
species closely related to H, gosaviensis (Douvill6, Etudes sur les 
Rudistes, pp. 109, 228). This species appears somewhat related 
to P. persica owing to the feeble development of the secondary 
inflections, but, judging from a photograph taken by S. P. Wood¬ 
ward and reproduced by Douvill6 {Etudes sur les Rudistes, PI. 
XXXII, fig, 14), the manner in which the folds are disposed in¬ 
dicates that the corrugation must extend to the outer layers of the 
envelope. Moreover, P. corrugata is distinguished by its obtuse car¬ 
dinal ridge and the much smaller interval between the two pillars. 
The pillars of P. persim present, in section, 9 narrow neck resem¬ 
bling that of an ordinary HippuriteSy while there is no such 
constriction in Pironma corrugala. 


GEOLOaiCAL AGE OF THE HIPPURITE-BEABING 

BEDS OF SEISTAN. 

The only species of hippurito authentically known from Persia 

is the Upper Senonian //. cornucopice 

lie Morgan’s previous Defranee, discovered by do Morgan 

llippurites* ^ Bakhtyan mountains. The asso¬ 

ciation of a normal hippurite with a 
Pironcea such as occurs in Seistan recalls the association of Hip^ 

purites vemetdosus Woodward and H. 

Hi ppn li tes di scorered j^oftusi W oodw. in compan y with 

by Loftiis-presumably in . w j u ,3 v 

Asia Minor. Pironma corrugata Woodw. observed by 

. Loftus presumably at Hakim Khan in 

the valley of the Upper Euphrates in Asia Minor. The Hakim 

Khan beds, like otheft in Europe where 

The Seistan hi ppn rites ^ similar association has been observed, 
probably uppermost . . tt o * 

Tiirouian. regarded as Upper Senonian, It 

my identification of one of the Seistan 
species with //. gosaviensis be correct, the age of the Seistan beds 
is probably different, and more probably uppermost Turonian. This 
supposition would satisfactorily account for the abnormally primi¬ 
tive characters of Pironma persica. 

. It should be noticed however that Pironma corrugata itself shows 
somewhat primitive characters in the slight development of its 
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seooDdary inflections recalling the young stages of the more differ¬ 
entiated Pironcsa polystylus Pirona. It is quite possible therefore 
that the Hakim Khan beds belong to an older age than has hither¬ 
to been ascribed to them, and that they do not differ much in 
age from the Upper Turonian hippuritio limestone of Seistan. One 
of the Hakim Khan hippurites, H. vesicidostis, is very closely re¬ 
lated to H. gosaviensis. 

The horizon of the Seistan hippuritio limestone is one that has 
never yet been ■ distinctly recognised in any part of India, neither 
amongst the rocks of the Coastal System nor in the geos}a]clinal 
areas. 


LIST OF ILLUSTRATIONS. 

• Plate 13. 

Geological sketch-map of Baluchistan. 


Plate 14. 

Hipfurites gosaviensia Douvill6. Fig. 1, a, 6, c : anterior, posterior and upper 
aspects of an almost complete lower valve* Fig. 2 : polished surface of another 
lower vcJve. Both specimens from Koh-i-Nahrahu. (Natural size.) 

1 


Plate 16. 


Pironcea peraica, uov. sp. Fig. 1 : complete specimen with upper valve pre¬ 
served. Fig. 2 : fragment of a lower valve. Fig. 3 ; polished section of another 
specimen. All three specimens from Koh-i-Nahrahu. (Natural size.) 


Plate 16. . 

Fig. la: cast of a Nermea. Fig. 1& : section of the same specimen* Fig. 2 ; 
Gen. indet.., spec, indet. Both specimens from Koh-i-Maku. (Natural size.) 
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Fusulinid>e from Afghanistan. By H. H. Hayden, 
Superintendent, Geological Survey of India. (With 
Plates 17 to 22.) 

ri^lHE Indian province is strikingly poor in Palseozoio Foramini- 
X fera. The only specimens hitherto de- 

Intl'OdllCtion and Strati- scribed are comprised in the meagre 
grapky. collection embracing Fumlinidce {Fusu- 

Una and Fusidinella), Lagenidce and 
LituolidcB from the Productus beds of the Salt Kango,^ Recently 
Fusulina limestones have been found both in Burma^ and in Baluchis¬ 
tan,3 but the fauna of these has not yet been critically examined. 
From the Himalayan region not a single Palasozoic foraminifer has 
been recorded and the recent discovery, in the Bamian Province 
of Afghanistan, of limestones extremely rich in members both of 
the FusuUnidw and of the MilioUdm thus acquires considerable 
interest. 

The Bamian limestones are well seen in the precipitous gorge 
through which runs the road from the Shibar pass to Balula and 
again in the ravine known as the “ dara-i-Khojagar ” at about 4 
miles to the north-north-east of Taibut, the headquarters of the 
Bamian district. These localities were visited in the course of 
rapid traverses and the extremely complicated geological structure of 
the surrounding country was only very imperfectly elucidated. The 
foraminiferal limestones, however, are underlain by a series of slate 
and limestqne probably including members of both the Lower Car¬ 
boniferous and Devonian systems. In the Shibar area there is a 
great unconformity between the Upi)er Carboniferous and the next 
overlying formation which is probably at least as ^oung as Jurassic. 
In the Khojagfir ravine the upper limit of the beds was not seen 
as it lies on a lofty range which could not be visited; the northern 
flanks of the same range are composed chiefly of volcanic rocks, 
but the intervening area has not been explored and consequently 
the mutual relationships of the two series are unknown. 

The age of the foraminiferal limestones, however, is clearly 
indicated not only by their FusulinidcBj but also by associated 

1 Pal. Indica, aer. XUI, Vol. I, 98H fl8S7'. 

2 Rec., Oeol, Surv. India, XXXV, 52 (1907). 

3 Bee., Geol. Surv. India, XXXI, 105 (1004). 
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brachiopods which include the characteristic Carboniferous species 
Prodvxius fu'tictatus Martin. 

Family; FUSULINIDiE Moeller. 

Until recently there was apparently no question as to the nature 

of the shell of the members of this 

has been referred by most 
British rhizopodists from Williamson 
onwards to the Hyalina or Perforata, these terms being regarded as 
synonymous.’ Quite recently, however, Mr, G. H Girty, in his 
description of the FusuHnm of the Guadalupe formation of America^ 
cast doubts on the generally accepted theory as to the nature of 
the so-called j)erforations and was disposed to refer to mineral 
matter the dark lines hitherto regarded as representing perforations 
through the shell-wall. 

The state of preservation of many of my Afghan specimens has 
permitted me to examine their shell structure in some detail and 
I have been led to the following general conclusions :— 

(а) that the typical fusuline shell was undoubtedly perforate, 

but 

(б) tliat the material of which that shell was composed was 

not hyaline (vitreous) but porcellanous. 

Before discussing the texture of the shell, it is necessary to 
determine exactly what is meant by the term " porcellanous.” 
It was, I believe, first applied to the Foraminifera by Williamson, 
who refers to '"one group, to which the majority of the MiHoUb 
belong ” in which “ the shell consists of an opaque, calcareous sub¬ 
stance having a porcelainous aspect, and presenting when seen by 
transmitted light, a rich amber or brown colour. Such varieties 
are rarely if ever foraminated.”® Subsequently, in referring to por¬ 
cellanous forms. Carpenter definitely stated that “ no structure of 
any kind ” could “ be detected in this kind of shell-substance, which 
is apparently homogeneous throughout/’^ Most rhizopodists seem 

IJ. J. Lister; ** The Foraminifera”; in Proc, Boy* InAt, Qt, Britain, Vol. 
XVIII. Part III, No. 101, p. 489 (1909). 

» V. 8. Prof. Paper, No. 68, p- (i908); see also Amer. Journ. Science, ser. IV, 
Vol. XVU, 238 (1901). 

® W. C\ Williamson: On the recent Foraminifera of Great Britain, p. xi; 
Publications of the Bay SfKiety (1868). 

4 Introducliun to the study of tho Foraminifera, p. 44; Publications of the 
Bay Society (1862). 
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to have been content to accept this view without question.^ 
Butschli,^ however, pointed out that it was not strictly correct and 
defined the texture of Orhitolites and Alveolina as “ ein sehr fein- 
faserig-komiges Wesen der Schalenmasse.” None of the recent 
literature on the Foraminifcra, to which I have had access, throws 
any further light on the ultimate structure of the shell-substance 
of the Porcellanea and I have searched in vain for either a defini¬ 
tion or illustrations of the so-called "" porcellanous ” material. It 
has therefore seemed worth while to put my observations oh record. 

The typical transverse section of the shell of Fustdina is familiar 
from the excellent figures given by Schellwien, Schwager and others, 
and will be readily recognised in Plate 17, fig- 1, which is taken 
from a photograph of an Afghan specimen. 


Under the microscope, by transmitted light, whenever the inti- 

^ \ „ mate structure can be seen, the trans- 

Structnre of the shell- 

anhstancf^ verse section snows a series oi light 

and dark bands, one series of which 
represents the shell and the other the perforations. Corresponding 
to this transverse section there are two distinct types of horizontal 
(tangential) section; each consists of a net-work, but in one type 
the net-work is dark and the intervening spaces more or less 
colourless and transparent, whilst in the other the spaces are 
darker than the mesh-work (see Plate 17, figs. 3 to 7). Either 
of these horizontal sections will give a transverse (vertical) 

section composed of alternating light and dark bands, but if we 
are right in regarding the net-work as the shell and the inter¬ 
vening spaces as perforations,^ the light and dark bands in the 

vertical section will represent respectively shell and perforations in 
the one case and perforations and shell in the other. Whether 

the net-work representing the shell be relativ^y light or dark, 

its structure, which can be clearly made out in thin sections, 
is always the same and is typically “ cryptocrystalline **; under 
high powers of the microscope the shell-substance resolves itself 


into an extremely fine-grained mosaic of grains of a colourless, 
anisotropic mineral which is soluble with effervescence in cold, 


t Challenger Reports : Zoology, VoL IX, p. 60 (1884). 

2 Dr. H. G. Bronn’s Klaesen und Ordnungen dea Tkier-Reichs^ I, 23 (1880-82). 
S For proof that these are perfoiatioiu see below, p. 233, 
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dilute hydrochloric acid and is presumably oaloite.^ In reflected 
light this material has the white, chalky appearance usually 
regarded as characteristic of the shells of the Porcellanea. This 
has led me to examine closely the structure of certain im¬ 
perforate shells which occur in the same beds as the FusuUncB and 
which I refer to the MUiolidcB {MilioUna) ; I have found this 
to be identical. Lest I should have been misled by subsequent 
alteration of the material of the shell, 1 have examined several 
specimens of Alveqlina from the Laki beds of Sind,* of MilioUna 
from the “miliolite” of Kathiawar and also a recent specimen of 
Bilocidina depressa var. murrhyna Schw. from the Arabian Sea near 
the Laccadive Islands.® The only difference between the recent 
and the fossil forms is that, in transmitted light, the latter are 
without the yellowish-brown colour characteristic of recent members 
of the PorceUanea but in all cases the material forming the shell 
proved to be the same in other respects and to be a crypto- 
crystalline mass, breaking up, under high powers of the microscope, 
into a very fine mosaic of what I take to be calcite. It is clear, 
therefore, that the shell of Fusidina was similar to that of Milio- 
Una £vnd was porcellanous. 

According to the usually accepted ideas, therefore, the shell of 
Fusulina should also be imperforate.^ Girty appears inclined to 
adopt this view. I have already pointed out that in tangential 
sections of the shell, the cellular interstices in the net-work contain 
either a colourless and translucent mineral or else what at first sight 
appears to be a mass of brown ferruginous material remaining 
opaque even in thin sections. 



the first case the mineral filling these cellular areas is typical 


Perforations. 


crystalline calcite, forming a mosaic 
which is very coarse in comparison 


with that composing the shell-substance. The original chamberlets 
of the specimen are also filled with a coarse calcite mosaic, parts 


1 1 have not been able to satisfy myself beyond {>o88ibility of doubt that this 
material i» calcite; both my colleague Mr. G. H. 1’ippcr and I endeavoured to 
prove it by means of Lemberg’s solution, but the results were not oonclusive. 

S 1 am indebted for these specimens to my colleagues, Messrs. *E. Vrodenburg 
and G. H. Tipper. 

^ This specimen, for which I am indebted to the kindness of Dr. N. Annandale, 
Superintendent of the Indian Museum, was one of a aeries of foraminifera which 
had been named by Mr. F. Chapman. 

4 This colouration of the recent shells was referred by Carpenter (op. cit., p. 44) 
to animal matter and one would naturally expept it to be absent from fossil forms, 

( Brady; etf., pp. 55,131^ « 
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of which are sometimes in optical continuity with the material 
filling the cellular areas. As the chamborlets were originally oc¬ 
cupied by Barcode, the crystalline calcite now taking its place must 
be subsequent in origin to the shell-substance and consequently 
the material which is in optical continuity with this calcite is 
presumably also subsequent. 

Tn most instances, especially in the case of Fmulina, the thick¬ 
ness of the cell-walls is less than the diameter of the perforations; 
hence, in cases in which those perforations are filled with crystalline 
calcite, the shell appears to consist of calcite traversed by a num¬ 
ber of dark lines. The structure of the shell-wall as a whole is in 
fact exactly analogous to that of a honeycomb in which the wax 
represents the cryptocrystalline shell-substance and the honey tlie 
subsequently deposited calcite. It is not unnatural, therefore, that 
at first sight the calcite should be regarded as the true shell and 
the dark linos as perforations. This was evidently the view adopt¬ 
ed by the earlier observers, including Carpenter,^ and it eeems to 
have been accepted without question by palaeontologists in general. 

In the case in which the spaces in the cryptocrystalliiie mesh- 
work contain material darker than the enclosing shell-substance, 
the brown opaque material is in my specimens often confined to 
the sides of the tubular perforations, the centre of which is filled 
with colourless and translucent material, presumably calcite. This 
is shown in PI. 17, figs. 6 and 7, which represent a thin section of 
a fragment of shell of Fmulina uralica Krotow. The brown material 
is possibly a hydrated oxide of iron which has been deposited on 
the sides of the perforations. 

This section (figs. 6 and 1) is further interesting from the fact 

that it has been cut not quite tangentially but slightly obliquely 

to the urface of the shell, as along the line a . a (text-fig. 1); 

it thus exposes a section of the roof as well as ^ 

of the septum, and both of these are seen to 

be composed of the same cryptocrystalline 

(porcellanous) material, the roof differing from 

the septum merely in being perforated, whilst 

the substance composing the meshwork of the 

roof of any one chamber is perfectly continuous ®';g- Section of 
.1 . • . .r • £ ±. X £ flheU-wall and septum 

with that formmg the imperforate septum of 
the same chamber. 

t Of, cit,, 305, and PI. Xll, 26, 
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At first sight, particularly with low powers of the microscope, 
the shell of the FusvlinidoB appears to be a continuous band, 
quite distinct from, and usually darker than, the material subse-* 
quently deposited in the empty chamberlets. The cause of this 
deceptive appearance is the minuteness of the perforations, which is 
such that in all ordinary sections the thickness of the rock slice 
is greater than the diameter of any one of the perforations. With 
^care, however, it is possible to grind down sections of the shell 
of Fusulina until their thickness is not greater than the diameter 
of the perforations, when the latter are found to correspond to 
breaks in the cryptocrystalline material of the shell-wall and to 
contain crystalline calcite similar to, and sometimes in optical con¬ 
tinuity with, that filling the chamberlets.^ 

Both Messrs. Girty® and Yabe^ speak of a dark outer superficial 

,, , ^ layer in the shell of Fusulina which 

^ Snpposed exogenous outer ^ imporfoioto .nd which 

Mr. Yabe is inclined to look upon as 
exogenous and continuous with what he calls the “ median lamella.” 
I was at first disposed to accept this view, but I have found 
that in very thin transverse sections of the shell the perforations 
can often, though not invariably, be seen to run completely through 
the wall. T Jiave examined a large number of sections, not only 
of Fusulina, but also of Schwagerina and Neosehwagerina (including 
“ DoUolina ” Schwager), and I have no doubt that the comparative 
opacity of the supposed exogenous layer is to bo attributed largely to 
the fact, already illustrated by Schellwien,^ that towards the outer 
surface the perforations appear to dichotomise; this would no doubt 
result in an increase of their number but also in a considerable 
decrease in their size; hence a section which is thin enough to show 
clearly that the inner part of the wall is perforate may still be, 
and usually is, too thick to enable onp to detect the presence of the 
much more minute perforations in the outer part of the wall, since 
each perforation, though possibly open to one side, is overlapped 
by ceH-walls on the other and thus appears dark. This will be 


r This latter condition cannot often be observed, since the secondary ralcite which 
now fills the chamberlets and pores, consists of a very fine-grained mosaic of 
variously oriented crystals, each of which is usually too small to give definite evi¬ 
dence of its extension from a chambcrlet into a perforation. 

2 G. H. Girty: Amer. Journ, Sci.. he. cit. 

S Journ. €)IS. Sci. Imp, Univ> Tokyo, Vol. XXI* Art. 6, p. 7 flP06-07). 

4 PalcpotUographica, lAd. XLIV (18£>?), PI XXll, fi^B. S, 5, ti, 



236 Records of the Geological Survey of India^ [VoL. XXXVIII, 

readily understood when it is realised that the average diameter of 
one of the perforations on the inner surface of Neoschwagerina 
craticuUfera, for instance, is not more than 5jx, whilst those in the 
outermost layer are very much smaller (PI. 21, fig. 6). 

Whether the apparent dichotomising of the perforations is due 
to the addition, in parallel growth, of subordinate cellules in the 
outermost layer, or to an actual branching of the walls of the per¬ 
forations, I have been unable to decide owing to the extreme minute- • 
ness of the structures. So far as we are concerned at present the 
point is immaterial; in either case the effect is the same. The 
reduction in size of the perforations is not aocompsnied by a propor¬ 
tionate decrease in the thickness of their walls; consequently the 
outermost layer contains a considerably larger amount of shell- 
substance than the inner parts, and when, as is usually the case, 
the perforations are filled with translucent calcite, appears darker 
than the rest of the shell-wall and, except in very thin sections, 
seems to be a continuous layer of dark imperforate material. Even 
in sections which are thicker than the diameter of the perforations, 
the perforate nature of the shell can be detected by using a high 
power of the microscope and focussing first on the upper side of 
the slide and then gradually on to deeper parts, when the continuous 
appearance of the band will be seen to be due to overlapping of 
shell over perforations. In my specimens these observations can 
be made most satisfactorily in reflected light, under which the shell- 
substance appears white and chalky and the perforations, which are 
usually filled with calcite, become dark bands. I have also noticed 
in several sections a thickening of the shell-walls of the perforations 
both at the outer and the inner surface of the shell. This will of 
course tend to reduce the size of the openings of the perforations 
and to increase the amount of shell-substance in t^e outer, as well 
as in the innermost layer. , 

In some sections, in which the perforate character of the outermost 
layer is quite evident, there are am.all portions of it in which it is impos¬ 
sible to detect the presence of perforations. It is difficult to see what 
purpose could have been served by perforations in the inner part of 
the shell-wall if they were not to pass through the outer layer as well. 
The most plausible explanation of their apparent occasional absence 
from the outer wall seems to be that when the shell of each chamber 
was nearing completion, the outer wall was, as we have already ^ 
^en, strengthened either by the addition of partitions to^ an^ ^ 
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the consequent subdivision of, the perforations or hy the bifurcation 
and also by the thickening of their walls. In this way a certain 
number of the perforations were either intentionally or accidentally 
closed. 

That the outer shell-layer is not a subsequent exogenous de- 
^ ^ , posit formed on the floor of the chamber 

the^septa^*"^ ^ nature o evident from the fact that it is con¬ 
tinuous with Yabe’s “ median lamella,” 
which is the onter surface of the septum. Schellwien {op. 
ciL, p. 239) was the first to establish the fact that the septum was 
formed by the bending of the wall from a spiral to a radial direc¬ 
tion, but in some cases he too appears to have taken the calcite- 
filled perforations for the shell-substance and the dark cell-walls for 
perforations.^ Thus he speaks of a dark line of division between 
the walls of adjacent chambers and suggests that it may possibly 
be due to want of adhesion, that is to say that it represents a 
space, bctwcon the two. This dark line, however, is clearly Yabe’s 
“ median lamella ”; it is composed of shell-substance and appears to 
be invariably imperforate. It extends downwards in a radial direc¬ 
tion beyond the rest of the shell-wall and in most cases broadens 
out considerably to form the base of the septum (PI, 21, fig. 6). 
This thickening of the imperforate material is exactly analogous 
to that already noticed on a very much smaller scale in the walls 
of the perforations. A similar addition of imperforate material is 
often observed on the secondary septa in Neoschivagerina (see 
below, p. 248). Yabe has already pointed out that the material thus 
added is perfectly continuous with the rest of the shell and is not, 
as Schellwien supposed (op. cit., p. 240, figs. 4 and 6), separated 
from it by a hard line.* It is in fact merely a local continuation 
of the shell-growth added presumably to strengthen the shell, 
hence its imperforate character. 


1 His views are not olear. In tho fibres given on pp. 239 and 240, he shows 
the septum as a transparent tongue, which he describes as part of the shell-wall 
and therefore presumably regards as caloitc; consequently tho dark lines must 
represent the perforations. On the other hand, on p. 241, he distinctly attributes 
to the absence of pores tho darker shade of the exogenous growth and on p. 242 
he refers the olear spaces in his horizontal sections (PI. XXII, figs. 6 and 6) to 
pores. 

2 At the same time as already noticed by Girty in the case of Ftiaulina elongata 
Shumard (op. cit., p. 03), there is a distinct tendency in the FwndinidcB for 
adjacent whorls to split off from one another: this oocasionaUy loads to a dark 
^ne of division [when tho between any two whorls is very narrow. 
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Tliat the material is imperforate is clearly seen in sections in 
which both the radial and spiral parts of the shell-wall have been 
cut through approximately horizontally as in PI. 17, fig. 7 in which 
the perforate wall can be seen to merge into the lower part of 
the septum. In the more minutely perforate forms {Schwagerirui 
and Neoschwagerina) the outermost layer of the septum and its 

extension below the level of the rest of the shell-wall are also 

• 

imperforate, 

1 am aware that both Schellwien^ and Yabe® have stated that in 
some cases the septa are, perforate ; this is no doubt true for so 
much of the upper part of tlie septiiin as is formed by the bending- 
down or by the thickening of the jx^rforatod wall of the shell, but its 
outer layer-“Yabe’s “median lamella’*—as well as its broad basal 
portion, is imperforate. It is difficult to see what useful purpose 
would be served by perforations in the sc 2 )tal face ; they would cer¬ 
tainly impair its strength and, in view of the fact that it was 
pierced by oral apertures (sec PL 17, fig. 6), they would api)car to 
be suj^rfluous. 

If a vitreous shell is to be regarded as an essential characteris¬ 
tic of the NummtdinidcB, then we must 
remove the Fustdinincs from that 

family. This will accord with the 

classification followed by Continental rhizopodists, but not with 
that usually adopted in Britain. In that employed by ZitteP the 
FustdinidcB are given the rank of a family and grouped imder the 
sub-order Vitro-calcarea. This again is unsuitable, since the shell 
of Fusulina has now been found to be porcellanous. The exact 
taxonomic value of shell-texture and of shell-composition in the 
Foraminifera has long been a matter of discussion among rhizopo- 
dists* and no classificatior involving sub-orders based on these char¬ 
acters is likely to meet with general acceptanBe. The method 
adopted by Brady of subdividing the order directly into families 
seems to be the only feasible arrangement at present, but, as al¬ 
ready pointed out, the Fustdinince must be removed from the 


Systematic position of 
Fiisiilina. 


J Op. cit., PI. XXII, fig. 4. 

2 Journ. Coll. Set., Imp. Univ. TohyOy XXT, Art. 5, p. 2 (1906-07). 

8 Text-book of PalsDuntology (tranHlated by Eastman), 1900. 

4 See among other fHipers : Hollas, W. J., in Geological Magazine, Dec. II, Vol. IV, 
106 (1877): Carter, H. J„ in Ann. Mag. Nat. Hist., ser, iv, Vol. XIX, 205 (1877); 
Brady, H. B., in ChaUengp.r Reports, Zoology, Vol. IX, pp. 48-77 (1884); Neumayr, 
M., in Sitzu^mher. der hais. Ahad. Wien, XCV, 150 0887). 
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family NummulinidiB. It seems preferable to follow most Continent- 
al rhizopodists in allowing them the status of a family, the Fitsu- 
linidcB. At present this family occupies an unique position in 
comprising the only forms known to be both porcellanous and 
perforate, 

I do not propose to make any attempt to define the systematic 
position of the FustdinidcBy but I wish to draw attention to the 
close relationship between the shell of Fusidina ,—with its sub- 
genera Schwagerina and Neoschwagerinay —and that of Alveolina; 
it is no longer merely one of identity of shape but also of com¬ 
position and texture. In fact, the only difference now remaining 
between the FusuUnidcB and the AlveoUninm is the perforate charac¬ 
ter of the former. For purposes of distinction this feature is no 
doubt valuable, but I am inclined to think that its importance 
from a phylogenetic point of view may have been overestimated. 
The descriptions given below o[ species of the FusvlinidcB from 
Afghanistan will show that there is a distinct tendency tc wards 
obliteration of the perforations in the more complicated, and there¬ 
fore presumably the more higlUy developed, forms; thus in Fusu- 
Una only the septa are imperforate, in Neoschwagerina the amount 
of imperforate material is increased in the simpler forms, such as 
iV. craticulifera Schw., by additions to the auxiliary septa, whilst 
in Neoschwagerina (Sumatrina) annm Volz, the perforations appear 
to be almost completely obsolete, and the shell almost entirely im¬ 
perforate. From this type to the wholly imperforate Alveolina the 
transition would seem perfectly simple. 

Genus : Fusulina Fischer von Waldheim. 

In the year 1877, V. von Moeller introduced the genus Schwa- 
gerina for more or less globular forms of Fusulina with simple, 
straight, imfolded septa.^ It was subsequently reduced to the 
rank of a subgenus by Schellwien,^ who subdivided the genus jPmsm- 
lina into three subgenera, namely :— 

Schellwieii's (<») Fusulina (sensu stricto)] 
elassiticatioiL 


E 2 


Ntues Jahrbuch fur Min.. Oeol. und Pal., 1877, p. 143i 
^ Palaontnyraphica. XLTV (I8U8), }», 238. 
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(6) Schwagerina : fusifoim or spherical, with wavy 
(” hin und her gebogeno ”) or straight 
septa; “ basal skeleton ” either entirely 
absent or only imperfectly developed. 

Type: Sch. prince'ps Ehrenberg; 

(c) Moellerina: a Schwagerina with a clearly 
developed “ basal skeleton.” Type: 
Moellerina kpida Schwager. 

The name Moellerina was afterwards found to be preoccupied and 
Schellwien renamed his new subgenus “ Doliolina”^ 

Kecently Mr. H. Yabe split up Schellwien’s subgenus into two, 

■■T ». • 1 •/' A- restricting the name DolioUna to forms 

Yabc’s classification. f , ,. j , 

with only two kinds of septa, viz,, 

“ primary septa ” and “ basal skeletons ” and introducing a new sub¬ 
generic name “ Neoschwagerina ” for species having subordinate or 
‘‘auxiliary ” septa intercalated between the primary ones. Ho thus 
recognises three types of septa, namely, “ primary,” “ auxiliary ” and 
“ transverse.”^ 

The primary septa run from end to end of the shell, their trace 

„ , - on the surface being the septal line: 

Septa of the lusuliiiiilse. ... i n i 

the auxiliary septa are defined as 

parallel to the primary, whilst the transverse septa are at right 
angles to both the primary and auxiliary. 

A reference to PI. 22, figs. 8 to 14, wliich roj)re8ent longitudinal 
and transverse sections of Neoschwagerina (Sumairina) annce Volz, 
will show that in this species there are at least two sets of transverse 
septa, one of which is always more important than the other; in 
order to differentiate between these two another term must be in¬ 
troduced. Since the primary septa extend from end to end of the 
shell in the plane of the axis, I suggest for them and for all septa 
parallel to them, the term meridional and propose to name Yabc’s 
“ primary septa ” primary meridional and his “ auxiliary septa ” 
auxiliary meridional. Similarly the septa which lie at right angles 
to the axis might be termed equatorial rather than transverse and 
by extension of the term “ auxiliary ” to include also septa at right 
angles to the axis, we have primary equatorial and auxiliary equato- 


1 See Kuttorcr’s Durch Asien, 111, 129 (1903); also Schriften der Phys.-6kon, 
QeadlseJuift zu Konigslerg, XLIJI (1902), p. 67. 

8 Joum, Ged Soc., Tokyo, X, No. 113 (1903), p. 5; Joum.Cdl. Science, Imp, 
l^niv. Tokyo, XXI, Art. 6, p. 2 (1006-07). 
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rial septa. This nomenclature is more elastic than that employed 
by Yabe, since the auxiliary septa in either plane will be capable 
of indefinite subdivision into secondary,” “ tertiary,” etc. Applying 
this nomenclature to Yabo’s subdivision of von Moeller’s genus 
Schwagerina, wo have— 

(1) Schwagerina: only primary meridional septa; 

(2) Doliolina: primary meridional and “ basal skeleton” (see 

p. 13); 

(3) Neoschwagerina: primary and auxiliary meridional, also 

equatorial septa. 

Although Yabe has noticed the difference between what I pro¬ 
pose to call the primary equatorial and the auxiliary equatorial 
septa, he has not given it subgeneric value. If, however, we follow 
out his principle of classification to its logical conclusion, we ought 
to include in Neoschwagerina only forms with primary and auxiliary 
meridional and primary equatorial septa and create a new subgenus 
to receive his species Neoschwagerina globosa. We should also have 
to retain as a subgenus Volz’s genus Humairinay which is defined as 
embracing “ spindelformige Fusulinidcn mit einem aus je 2-4 Langs- 
und Querreifen bcstehenden Dachskclet.”^ The result of this 
minute subdivision is to reduce the subgenus to the rank of a 
species. 

Before offering what appears to me to bo a more rational classi¬ 
fication of the genus Fusulinay it will be desirable to draw atten¬ 
tion to the true form and nature of the so-called septa. I have 
already shown {supra, p. 237) that the primary meridional septum 
is composed partly of the perforated shell-wall and partly of imper¬ 
forate material forming an outer layer to this part of the shell and 
extending down to the floor.'^ In the subgenera with straight septa 
\_Schwagerina {sensu lato) ] the septal face is pierced near the base by 
numerous oral apertures and the lower part of the septum thus becomes 
a series of pillars. Towards their bases these pillars often splay out, 
being widened by an exogenous growth of imperforate material, 
which is occasionally more vigorous in certain directions than in 
others and may form a series of ridges of quite appreciable height 
extending along the floor of a chamber between corresponding pillars 

1 “ Zur Geologic von Sumatra ” in QhoL und Pal. Ahhandlungen, X, ii, p. 98 (1904). 

2 Verbeek rcatricta the term “ septum ** to this outer layer; see Verboek and 
Fennema: Description gevl, de Java et Madoura, II, 1136 (1890). 
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of Buccessive septa; an example of tliis mode of growth is Schw, 
{Doliolina) kpid^ Schwager, The septa may bo compared to cur¬ 
tains of parallel rows of stalactites hanging from the roof of a cave, 
each stalactite extending down to join its corresponding stalagmite, 
which may be a narrow column of approximately the same dia¬ 
meter as the stalactite or may be wi<ler and may even spread out 
over the floor until it extends from curtain to curtain.^ 

This imperforate exogenous material, which I regard as merely 

Th. “bas.1 I>^ f’ 

primary meridional septum constitutes 

the so-called “ basal skeleton {Basalskelet) ” of Schtvofjerimi and it is 
on account of the varying forms taken by' this outgrowth that 
Schellwien split up von Moeller’s genus Schwagerim into two; his 
Doliolina, as represented by his type D. lepida Schwager, being 
merely a form in which the exogenous outgrowth from the base 
of the primary meridional septum is very couspicuous. This charac¬ 
ter, which is clearly illustrated in the figures given by Schwager,^ 
is not in my opinion of subgenoric valu(5, especially as it is gene¬ 
rally admitted that there is a perfect gradation between Schw. 
princeps Ehrenberg and Doliolina lepida Schw.**^ My specimens of 
Afghan Schwagerinw have even led me to doubt the validity of 
Schimgerina verbeeki Geinitz as a species distinct from S. princeps 
Ehr. {infra, p. 243). On Plate 18, figs. 2, 3, 4 and G represent sections of 
specimens, which, so far as could be judged from external characters, 
all belong to the same species. Figs. 2 to 4 represent sections cut 
approximately parallel to the axis, whereas that shown in fig. 6 is 
somewhat oblique.* A feature which appears to be common to 
all Schwagerinw of this t 3 rpe is the frequent obliquity of the septa, 
which tend to take a spiral rather than a radial direction with re¬ 
gard to the central chamber (figs. 1, 5 and 6). Hence, according to 
the degree of obliquity of any particular septum a thin section 
parallel to the axis may include either the whole septal face or only 
the upper, middle or lower part respectively (see PL 18, figs. 2 to 4). 
Furthermore, a section may pass through a chamber without cutting 


1 This comparison is used merely for purposes of illustration. The septa are 
not in any senso analogous to stalactites either in their nature or their mode of 

origin. 

8 Richthofen’s China, Vol. IV, PI. XVIIT, 3, C-Jl. 

® Schellwien, op. cit., p. 257. 

* In dealing with sucli extremely minuto f*f»coin»en» it Is impossible to make 
oertain of cutting a section absolutely jMiraUcl to any particular direction. 
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a septum at all. A section taken parallel to the axis through a,.a 
(PI. 18, fig. 1) would miss almost every septum, whereas one through 
6...6'would cut a septum in almost every whorl; consequently it 
would be possible to obtain from a single specimen of 8 , princeps 
Ehr. either (a) a section from which the “ basal skeleton ” was entirely 
absent or (ft) one in which tract^s of this were to be seen on every 
whorl [cf. Sell, {Doliolma) verbeeki Geinitz], or {c) any intermediate 
stage between these two extremes. The so-called “ basal skeleton ” 
cannot therefore be used as a means of distinction between these 
two species and is certainly not a feature of subgeneric value. For 
this reason I propose to discard Schellwien’s subgenus DoUoUna. 


Definition of 
Schwagerina. 


The forms comprised under the subgenus Schwagerina may be 

defined as Fusulinw with only primary 
meridional septa which are either straight 
or are folded only at the ends. Those 
septa are of one type only, viz,, primary meridional; there is 
frequently an outgrowth of exogenous material from the base of the 
septa and this may extend completely across the floor of the 
chambers, either as a flat deposit or in the form of parallel ridges 
at right angles to the primary meridional septa. 


Yabe’s genus Neosehwagerina differs from Schtvagerma in havhig 

at least one other set of septa, at 
right angles to the primary meridional 
series. For these I have proposed the 
In addition to these Yabe mentions a 
third set, viz., his “ auxiliary septa,’’ for which 1 have suggested 
the term auxiliary meridional; to these a fourth set, auxiliary 
equatorial, inay be added. 


Definition of 
Neosc h wageriuff. 

term primary equatorial. 


Each of these four types of ^ septum is formed in the first in- 
«« w. . . . . .. stance by the downward growth of the 

le ac IS t f inner side of the perforated shell-wall 

and may b^ enlarged, like the primary ineridional septum, by exo¬ 
genous additions of imperforate material. All the septa in fact 
belong to what German authors have called the “ Dachskelet ” in 
contradistinction to the “ Basalskelet.” I therefore propose to 
include in the subgenus Neosehwagerina those forms which differ 
from Schwagerina by the possession of equatorial, as well as meri¬ 
dional, septa. At least one (primary) series of each is essential ; 
and auxiliary septa of either kind may be present. 



244 Records of the Geological Survey of India. [VoL, XXXVtlt. 

In employing Yabe’s name Neoschwagerina for these forms I may 

perhaps be acting not strictly in con- 

Desiguatioii of the 

snhirenus. , ^ v j ^ v v 

clature, smce he dennes his subgenns 

as one having three kinds of septa, thereby including auxiliary 
meridional septa among its essential features. I have found among 
my Afghan specimens one form in which both sets of primary septa 
are well developed, but an auxiliary series is either luideveloped or 
only quite rudimentary and if Yabe’s subgenus cannot be made 
sufficiently elastic to include this form, it will bo necessary either 
to introduce a new term for the enlarged subgenus and discard 
Yabe’s name, or else make a new aubgenus out of this single 
Afghan form. The latter alternative would involve the creation of a 
large number of new subgenera each characterised by having one 
more auxiliary septiun than its predecessor; this would bo mere 
genus-mongering and not only superfluous but impracticable, since 
in a single specimen the number of auxiliary septa of either typo 
is not constant and may vary from one in the innermost whorls to 
as many as four in the outer. On the other hand, I should be 
loth to discard Yabo’s apposite term Neoschwagerina, but should its 
employment, in a sense slightly wider than that implied by its 
original definition, be likely to lead to confusion, I would propose 
the name GancelUna^ as a subgeneric term for species with equato¬ 
rial, in addition to meridional, septa. In the term “ septa ” I in¬ 
clude only those partitions which originate from the bending down 
or the downward growth of the shell-wall; these may or may not 
be enlarged by the addition of imperforate material, which may ex¬ 
tend down to, and over, the floor, thus forming a “ basal skeleton,” 
which, however, is subsequent to, and an outgrowth from, the septa 
and is not an independent feature.^ ^ 

DESCRIPTION OF SPECIES. 

Fusulina uralica Krotow. 

Plate 17, figs. 6 and 7, Plate 19, figs. 1—12. 

1898. F. uralica P. Krotow:— “ Geologische Porschungen in 
don Gebieten von Tsoherdyn und Ssolikamsk Mem. Com. Oeol. 
St. Petersburg, VI, (1888), p. 661, and PI .II, figs. 2-6. 


formity with accepted rules of nomen- 


i Cancelli lattice. 
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Shell spindle-shaped, highly vaulted in the centre but thinning 
rapidly towards the ends, which frequently terminate in sharp 
points. The ornamentation consists of numerous longitudinal strise, 
set closely together and representing the traces of the septa; in 
larger specimens there are also several longitudinal ridges and fur¬ 
rows, occurring at irregular intervals. At either end of the shell 
the ridges and stria) converge and are twisted in a sense opposite 
to that of the spiral of the shell. The ratio of length to breadth 
increases with the size of the shell; in my Afghan specimens it 
ranges from 1*75 to 2, as will be seen from the following measure¬ 
ments of a number of specimens: — 


length. 

Breadth. 

Ratio. 

7 mm. 


• 

• 

• 



• 

4 

4 mm. 

1*75 

1 .. ■ 


• 

• 

• 

• 



4 

4 ,) 

1-75 

8 . 

• 


9 

• 

' 

1 

4 

ft 

H » 

1-78 

8 » . 



• 


$ 

4 

ft 

ft 

H „ 

2 

1C „ . 





4 

4 

ft 

4 

5 .. 

2 

11 „ . 


• 

• 

* 

m 


• 

ft 


2 

11 „ , 

• 

« 


• 


ft 



OJ 

2 

12 „ . 


« 


# 


• 

• 

4 

» 

2 

13 „ . 

$ 

0 

• 

• 



• 

4 

6J „ 

2 

14 „ . 

• 

• 




4 

• 

ft 

7 

2 


Measurements made on a longitudinal section of a specimen of 

medium size, gave ratios of 1*75, T95 and 2 for the second, 

third and fourth whorls of the shell, respectiv3ly. 

Internal characters .—The internal characters of the species will be 
readily seen from PL 19, figs. 7—12. The chief features are the slow 
rate of evolution of the whorls and the large number of the septa. 
The central chamber is approximately spherical, and ranges, in my 
specimens, from 0*4 to 0*8 mm. in diameter. Measurements made 
on a number of specimens showed the rate of evolution to bo 
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variable, but slow : these measurements, which are given below, indicate 


the total 

breadth 

of 

the 

shell 

at 

successive stages of 

growth 

I. 

11. 

III. 

IV. 

V. 

*45 mm. 

• » 

• 

• 

‘46 mm. 

*60 mm. 

*60 mm. 

*80 mm. 

•70 


• • 

• 

• 

*70 

ff 

•76 „ 

•95 „ 

1*10 „ 

106 

»> 

• • 

• 


115 

y* 

1-36 „ 

1-60 „ 

1 '76 „ 

1*66 

tf 

• • 

• 


1*85 

yy 

200 „ 

2*35 

2*60 „ 

2*26 

If 

• • 

• 

• 

2*60 

yy 

2*76 

3*35 „ 

3*26 „ 

3*05 

1 1 

ft 

• • 

• 

• 



3*65 „ 


4*15 „ 

1 • 1 

3*90 

•>9 

f 

• 

• 



4*65 


5*10 „ 


The largest number of whorls observed is eight. The septa are very 
numerous, there being between 40 and 50 in the fourth whorl, 
about 50 in the fifth and over 50 in the 6th ; they are much folded 
with the result that in transverse sections they either coalesce or 
appear to be grouped in pairs. The aperture is not always clear 

but appears to be about f; of the length of the shell in the inner 
whorls. 

Locality ,—From the Fusulina limestone of Khojag^r dara, at 
about 4 miles north-north-east of Taibut (Bamian). 

Remarks .—There can, I think, be no doubt tliafc my Afghan 
specimens belong to Krotow’s sjxicies, F. uralica^ with which they 
agree exactly in almost all their characters. The only points in 
which they show any difference from that species are the size cf 
the certral chamber and the number of septa. According to Kro- 
tow, the central clxa-mber of the species is smaJl (about 0*2 min.), 
whereas in my specimens it ranges from 0-4 mm. to 0*8 mm.; the 
average taken from eight specimens, is a little over 0*5 mm.; if, 
however, the section from which the measurements were taken, were 
cut at a little distance on either side of the centre, the apparent 
width of the chamber might easily be reduced to 0*2 mm.; Krotow’s 
figures arc not very clear, but the only one {viz,, fig. 5) which ap¬ 
pears to show the central chamber is slightly oblique to the long 
axis of the specimen and may have been cut at some little dis¬ 
tance from the centre. It is possible that Krotow’s s^MMiimenH may 
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represent the microspherio and mine the megalospheric form of the 
spcoies. In certain cases of supposed dimorphism in Fvsulina, 
illustrated by Schellwien,^ the difference in size of the central 
chamber is even less than that between Krotow’s specimens 
and mine, hxit it does not seem to me sufficiently marked to war¬ 
rant the assumption of dimorphism. According to Krotow, the 
number of septa in the sixth whorl is 40 and over; in my speci¬ 
mens there is a larger number, but the difference is not great and 
certainly does not warrant the creation of a new species. 

The nearest allies of the Afghan specimens are F. multiseptata 
Schellwien and F. complicata Schellwion, both of which are very 
similar in their internal characters to F. uralica Krot., but differ 
widely from it in external shape. 


Fusulina elongata Shumard. 

Plate 17, figs. 3—5, Plate 20, figs- 1—12. 

1858-9. F, elongata Shumard. Trans. Acad, A?ci. St, Louis, I, 297, 
38S (1860). 

1908, F, elongata Girty. The Guadalupian Fauna: U. S. Geol. 
Survey Prof, Paper 58, p. 62. 

Shumard’s scanty description of his species has been considerably 
amplified by Girty, whose beautiful figures have enabled me to 
recognise F. elongata as the most plentiful among my Afghan Fmu~ 
linidoB. As in the Guadalupe Mountains of Texas, so in Bamian, 
whole massCvS of rock are composed almost exclusively of this 
species. 

Ip transmitted light under the microscope my sections are identi¬ 
cal with those figured by Girty, and there is little to add to his 
description beyond the fact that the size is even greater than he 
has stated, my largest specimen being almost three inches long. 
Unfortimately this specimen occurs on the surface of a slab of lime¬ 
stone from which a considerable part of the fossil has been weather¬ 
ed away and although its very large size suggests that it may be 
the microspheric form of the species, this cannot be verified since 
the central cliamber has disappeared (PI. 20, fig. 12). 


^ PtUwntograj^ica, D I. 5C, PI, XVI, 5 and 7. 
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In Bamian F, elongata occurs at two horizons, one a little below 
and the other a little above, the horizon of Productus punctatus 
Martin. The forms from the lower horizon are as a rule larger and 
have a greater number of whorls than those from the higher but 
do not otherwise differ from them. 

The appearance of the shell of his specimens led Girty to the 
conclusion that it was not perforated. From his description I am 
inclined to think that the dark rods to which he refers are the 
actual shell and the intervening areas the perforations. PI. 17, 
figs. 3—5 show quite conclusively that the shell of the Afghan 
specimens of F, elongata was perforate. 


Neoschwagerina craticulifera Schwager. 

Plate 21, figs. 1—7. 

1883. Schwagenna craticulifera Schwager. Richthofcii^s China, 
Bd. IV, p. 140. 

1903. Neoschwagerina craticulifera Yahe, Journ. Geol. Soc, Tokyo, 
Vol. X, No. 113. 

A glance at Plate 21 will show that the Afghan specimens corre¬ 
spond exactly with Schwager’s type of the siwjcies. There are three 
sets of septa, a primary and secondary meridional and a primary 
equatorial. The secondary meridional septa differ from the primary 
in being formed merely by a downward thickening of the shell- 
wall, the lower part of which becomes imperforate. The radial 
strip of imperforate material^ which is characteristic of the primary 
meridional septa, is not seen in either the auxiliary meridional or 
in the equatorial septa. 

Plate 21, figs. 5 and 6 represent transverse sections of part of 
the shell of this species. 

The central chamber of my specimens is very small (70 ju, to 
90 ft), corresponding in this respect with Schwager's type of the 
species. Recently, however, Yabe has published an illustration of 
a transverse section of what is evidently N, craticulifera^ but wlxich 
has an unusually large central chamber (473 this is clearly a 
case of dimorphism, Schwager’s typo and my Afghan specimens 


1 Yabe’s ** median lamella.** 

S This figure based on measurement of the published illustration. 
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representing the microspherio form, whilst Yabe’s specimen is megalo- 

Another interesting feature is illustrated in PI. 21, figures 2 and 
7, in which the equatorial septa are seen to be pierced at either 
side of the primary meridional septum by a passage running meri¬ 
dionally along the shell. This is exactly analogous to the structure 
of Alveolina referred to by Carpenter under the term longitudinel 
galleries ” fig, 8 represents a photograph of the transverse section 
of Alveolina {Floscidina) pasticillata Schwager from Sind, and shows 
these galleries. 

Neoschwagerina primigena n. sp. 

Plate 22, figs. 1—7. 

This is the simplest form of Neoschwagerina and is characterised 
by a single scit each of meridional and equatorial septa. 

I have not been able to extract any specimens from the hard 
matrix in which they occur and the general shape and external ap¬ 
pearance can only be deduced from sections, from which they 
appear to have been similar to N, craticuUfera Schw,, from which 
this species differs by the absence of well-marked auxiliary septa. 
In some instances, however, I have observed transverse sections 
with such septa, but they arc quite rudimentary and are found only 
in the outermost whorls. 

In section this species also recalls Sch, lepida Schw., but differs 
from it in having true equatorial septa, which are formed by the 
downward growth of the perforate shell-wall and are quite different 
to the raised ridges of imperforate material which in Sch, lepida 
run out from the base of the primary meridional septa. On the 
other hand, the transverse section might well pass for that of Sch, 
lepida. The form, therefore, is intermediate between Sch, lepida 
and N. craticulifera, differing from the former in the presence of 
equatorial septa and from the latter in the general absence of 
auxiliary meridional septa. 

The number of whorls is comparatively small, the usual number 
being from six to nine. The central chamber is large, sometimes 
as much as 300 ju. in diameter; my specimens are possibly all meg- 
alospheric. 



1 QPm eit, p. lOlf 
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Neoschwagerina anna Volz. 

Platk 22, figs. 8—14. 

1904. SumcUrina annce Volz. Zur Geologie von Sumatra : Geol. 
und Pal, Ahhandlungen, Bd. X, Heft 2 (1904). 

1906-07. Neoschwagerina annw Yabc. Journ, Coll, Sd,^ Imp. 
Vniv, Tokyo, Vol. XXI, Art. 5, p. 3. 

In the year 1904 Dr. W. Volz described under the name of 
Sumatrina a new genus of Fusulinidce represented by a single species, 
S, annoB, from Sumatra, I have already (supra p. 241) given my 
reasons for following Yabe who includes this species in his sub¬ 
genus Neoschwagerina, 

N, anncB has been described in detail by Volz, who gives good 
figures of characteristic sections and I have little to add. One of 
the chief points not hitherto referred to is the extreme tenuity of 
the shell, which ranges in my specimens from 4 ju, to 15 |U in thick¬ 
ness. It is so thin that it is very difficult to recognise any struc¬ 
ture in it, but in a few cases I have been able to ascertain beyond 
a doubt that it was perforated, although for the greater part it 
appears to liave been imperforate. The perforate material does not 
usually extend appreciably below the level of the inner side of the 
shell wall, the entire septum being always imperforate. The total 
amount of perforate material is thus insignificant in comparison 
with that of the imperforate. 

The number of auxiliary septa, as stated by Volz, is variable. 
In my specimens it ranges from one to five in a meridional, and 
one to- three in an equatorial, direction. Where there are three 
auxiliary equatorial septa, the middle one is usually larger than 
those on cither side. The meridional septa always appear to be 
more numerous than the equatorial, the numl^r ranging from one 
in the innermost whorls to as many as five in the outermost. I 
have not noticed more than three auxiliary equatorial septa and 
this only in the outer whorls; one and two are commonest, 
but the number increases with the growth of the individual. 

A characteristic feature of this species is the shape of the septa, 
which are very narrow at their points of attachment to the wall 
but rapidly broaden out below; the sections of the short auxiliary 
septa look like a row of grapes each hanging by a thin stalk from 
the roof of the chamber. 
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Both Volz and Yabo speak of the large size of the central 
chamber. Among my Afghan specimens there are forms both with 
large and small chambers, the largest being 450 ju. (PI. 22, figs. 10 and 
11) and the smallest 150 /x (PI. 22, fig. 8). These may perhaps 
represent the megalospheric and microspheric. forms respectively, but 
as there are intermediate valuer also, 260 jx and 300ju. among my 
specimens, they may all be megalospheric, 

DIMORPHISM IN THE FUSULINID^. 

This phenomenort has been so generally recognised in Tertiary 
and recent foraminifera that it is surprising that it should not yet 
have been described in the case of the Fusulinidce. Schellwien 
had evidently noticed it, since, in his posthumous monograph on 
Fusulina now in course of publication,^ some of the figured 8pe<;i- 
mens are described as megalospheric and others as microspheric, 
but no <liscussion of the subject has yet appeared. Dimorphism 
has now been establishe<l for Ncoschwagerina craticulilera Schw. 
and it may also occur in N, annoB Volz, and F'osulina elongata 
Shum. It is interesting to note that although in the case of the 
Fusulinw proper the megalosplieru; form is apf)arently the commoner, 
its occurrence has been recorded only once in the case of Neoschwa- 
gerina craticulifera Schw. and not at all, so' far as I am aware, in 
the subgenus Schwagerina, 


SUMMARY. 

]. The Fusulina limestone of Afghanistan contains F, uralica 
Krotow and F, elongata Shumard in profusion. It also contains 
Schwagerina princeps Ehrenberg, Sch. lepida Schw., Ncoschwagerina 
craticulifera Schw., and a new species N, primujena mihi. 

2. A study of the shell-structure proves that the material of 
which the shells of the Fwulinidw was composed was not vitreous 
but cryptocrystalline and was identical with that of the Porcellanea. 
At the same time it was also perforate. 

3. The so-called “ basal skeleton (Basalskolet)” of Schwagerina 
is merely an exogenous growth of imperforate material extending 
from the base of the septa across the floor of the chambers. It 


^ PaJfKontogrnphicHi Baud 05, 145 (1008). 
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takes various forms, sometimes rising into definitely oriented ridges 
(Sch. kpida Schwager); but these characters are not of subgenerio 
importance. The form Sck. verbeeki Geinitz is not, in my opinion, 
a valid species, since its characteristic section can be obtained by 
cutting a specimen of Sch, princeps Ehr. in certain definite direc¬ 
tions. 

4. Von Moeller’s genus is divided into two subgenera, wz., 
Schwagerina {senm stricto), which is characterised by the presence of 
only one set of septa (“ primary meridional ”) and Neoschwagerina^ 
which has at least two sets of septa, ono being the “ primary mer¬ 
idional ” and the other the “ primary equatorial ” which are at right 
angles to the meridional. There may also bo auxiliary meridional 
and auxiliary equatorial septa, all of which constitute the “ Dachske- 
let ” of German authgrs. 

6. A new species of Neoschvxxgerinay N. primigena, is described; 
it is intermediate between Schwagerina Upida Schwager and Neosefy^ 
wagerina craticulifera Sch. 

7. In the more complicated forms of Neoschwagerina {N. annm 
Volz) the proportion of imperforate material is very large as com¬ 
pared with that of perforate and it is suggested that Alveolina 
may possibly be the final stage in the progressive suppression of 
perforations in the FnsuUnidcB, 

8. The fauna of the Afghan Fusulina limestone is a peculiarly 
interesting one. In the first place it csontains the very remarkable 
species I\ elongata Shumard, which, so far as I am aware, has 
hitherto been recorded only from the southern end of the Guada¬ 
lupe Mountains in Texas. On the other hand, it contains also 
Fusulina utalica Krotow, a common species in the Tscherdyn and 
Ssolikamsk area of the Urals in European Russia, whilst associated 
with these forms, characteristic of such widely separated localities, 
are others —Neoschwagerina annee Volz and N. araticulifera Schwager 
—^typical of the intervening areas, Sumatra, China and Japan. 
All these again are found in close association with beds containing 
typical Carboniferous brachiopods, Productus punMatus Martin and 
Reticularia lineata Mart. ; Productus pumiatus is extremely common 
and quite dominates the small fauna collected from the brachiopod- 
bearing horizon in the Fusulina limestone of Bamian. This fauna 
has not yet been completely worked out and it would be useless to 
attempt to discuss its relationship to Carboniferous faunas in other 
parts of the world, but the general characters of the brachiopods 
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as well as the frequent occurrence of Fnstdina uralica Krotow and 
Schwagerina 'princess Ehrenberg, seem to point to a correlation of 
the Afghan Fusulina limestone with the Upper Carboniferous (Cora 
and Schwagerina horizons) of the Urals; at the same time there are 
aflBnities with the Guadalupian fauna of Texas and with^tho Upper 
Carboniferous of Sumatra, Java, China and Japan.^ 

EXPLANATION OF PLATES. 

Plate 17. 

Fig, 1.—Transvorse section of FmuUna, showing the structure of the 
shell: the dark linos aro shell and the light intorvenir^ 
spacos perforations ....... x 60* 

Fig. 2.—Transverse section of FiisuHna, showing the structure of the 
sliell; the dark linos aro shell and the light intervening 
spaces perforations. Both this figure and fig. 1 show 
the apparent branching of the shell in the outer layer . , x 70 

Figs. 3, 4.—Tangential section of shell of F. dong ita Shum., showing 
perforatioixs. The shoil-substanco is dark and the per¬ 
forations appear as white dots . . . , , x 40 

Fig. 6.—The same as lower part of fig. 4 . . , , . X 90 

Fig. 6.—Approximately tangential section of shell of F. uralica Kro¬ 
tow, showing the poiforato shell-wall (a) and imperforate 
septa (h). The dark spots represent the perforations. 

From left to right tho shell-wall merges into, and is per¬ 
fectly continuous with, the septum. On the right-hand 
side of each septum is a dark lino of division (c) along 
which tho wall of a now chamber abuts against the septum 
of tire preceding chamber. The figure also shows oral 

apertures (f) in the septal face.X 33 

Fig. 7.—Part of the ^ame enlarged to show that the perforations are 
not in reality filled with dark material, but contain trans¬ 
parent calcito (?), surrounded by a rim of dark ferruginous 
material (p. 234) ... • • • . • • X 60 

Plate 18. 

Fig. 1.—Transverse section of SckwageriTia princeps £hr. A section 
taken at right angles to tho plane of the paper and along 
the line a .... a would cut few if any septa, as in fig. 2, 

. whereas a similar section along b .... 6 would cut a septum 
in almost ever^ whorl, as in fig. 3.X 60 

1 In his paper “ On a Fusulina limestone with Helicoprion in Japan ” {Journ, 

■ Cfeol. Soe. Toyho, Vol. X, No. 113, 1003) Yabe referred part of the Fusulina lime¬ 
stone of Japan to the Permian system, but in \m more recent paper {Jonm, Coll, 
Sci, Imp. Univ. Tokyo, VoL XXI, Art. 6, 1900 07), he seems doubtful as to tho 
exact position of the limestuno in the Upper Talieizoio sequence. 

* i. e., 60 diauieUfs. 
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Fig* 2.—Meridional section of Schioagerina princeps Khr., with only 
minute traces of a ** basal skeleton ’* in the outermost 


whorls . . . . . . . . . X12 

Fig* 3.—Similar section of the same species, but out so as to show 
* ‘ basal skeleton ’ ’ in most of the whorls. This corre¬ 
sponds to Sch* verheeki Geinitz . . . . . x 12 


Fig. 4.—Section of Sch. princeps, taken at some distance from the 
central chamlHsr, but approximately parallel to the axis. 

In the upper right-hand segment are portions of two septa 
in the piano of the section: on either side of tliese curtains 
can bo seen the exogenous outgrowths from the bases of 
the septa (basal skeleton). In the lower half of the figure 
the section includes chiefly the central parts of the septa . x 12 

Fig. 5.—Transverse section of Sck. princepa cut at some distance 
from tho central chamber and showing exogenous 
thickening of tho bases of tho septa . . . . x 12 

Fig. 0.—Somew'hat oblique section of tick, princepa. The upper part 
of the figure shows a parallel section of the lower two- 
thirds of a septum . - . . . . . X12 

Fig. 7.—Shell of Fumlina showing tho dark imperforate septa running 

between the perforate w^alls (uppermost part of tho figure) , x 17 

Platk 19. 

Fmulina uraltca Krotow. 

Figs. 1—6.—Specimens of various sizes : all natural size : fig. 4 repre¬ 
sents a typical specimen. 

Fig. 7.—Longitudinal (meridional) section of a large specimen . . X 4 

Fig. 8.“The same . . . . • . . , . X10 

Fig. 9.—Similar section of another specimen , . . . . x 10 

Figs. 10, 11 and 12.—^Transverse (equatorial) sections of typical 

Bpecimpns of various sizes • . . . . . X10 

Fig. 8 illustrates a specimen with a large central chamber, 

Plate 20. 

Fusulina ehngata Shumard. 

Fig. 1.—Central part of a longitudinal (meridional) section of a medi¬ 
um-sized specimen similar to those illustrated in fig. 10 • X 12 

Figs. 2 —5.—Transverse (equatorial) sections of similar specimens ; 

fig. 4 is cut at a little distance from tho central chamber . X 12^ 

Figs, 6, 7,—Traverse (equatorial) sections of small specimens simi¬ 
lar to those illustrated in fig. 11 • • • • • x 12 - 
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Figs, 8, 0,—Longitudinal sections of similar specimens, showing the 

small number of whorls , . . « • . : 12 

Fig, 10.—Limestone with medium-sized specimens ; natural size. 

Fig, 11.-L imeatone with small specimens : natural size. 

Figs. 1 to 11 probably represent the megalospheric form. 

Fig, 12.—Very large specimen (? microspheric form): natural size* 

Plate 21. 

Figs, 1 a.'^d 3.—Topical longitudinal (meridional) sections of Neosck* 
wagerina craticvlifera Schwager. Fig. 1 X 15, fig. 3 x 12. 

Figs. 2 and 7-—Typical transverse (equatorial) sectums of the same 
species. Fig. 2 x 15, tig. 7 x 11. 

Fig, 4,—Characteristic longitudinal section of N. craticulifera, cut at 
some little distance from the central chamber. The dark 
imperforate parts of the septa (shown by arrows) are seen 
between the paler perforate shell-wall. The section corre¬ 
sponds to one cut at right angles to tlie plane of the paper 

and along the line a .a, so as just to touch the floor 

of the chamber. The dark grating in the centre is formed 
by the traces of the imperforate lower parts of the 
meridional and equatorial septa and constitutes the so- 
calied basal skeleton-.'’ The cloudy material between 
the bars of the grating is the outer pait of the perforah* 
shell-wall cut horizontally: the photograph is on too 
small a scale to show the perforations, which, however, 
can bo clearly seen under the microscope . . . x20 

Fig, 5.—^Tiansverse section of part of the shell of N, craticulifera, 
showing primary meridional ^pta (p) and auxiliary meri¬ 
dional septa (a) both cut at right angles, e represents 
part of a primary equatorial septum to which the plane 
of the section is parallel. Yabe’s ** median lamella *’ is 
well seen in each of the primary meridional septa . • X 46 

Fig, 6.—Part of a similar section enlarged to show the perforations: 

the dark lines are shell and the intervening lighter streaks 
represent the perforations . . . . . . X 90 

Both tigs. 5 and 6 show the dark outer line (of supposed exo¬ 
genous material) which is due to brancliing of the wall' 
of the perforations, as well as the dark imperforate 
material fonning the base of the septa and spreading over 
the floor to form the basal skeleton.'* 

Fig, 8.—Transverse section of Aheolina (Flosculiim) pasticillata Schw 
from Sind, showing sections of the longitudinal galleries. 

Similar galleries are seen in N, craticulifera in flgs. 7 (|) and 
2 (in the lower left-hand segment) . • • • x 
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Plate 22- 

Figs, 1—4.—longitudinal section of NeA>8chw€igerina primigena, nov. sp. x 17 
Fig, 5.—^^Fransverso section of the same . . • . • • X 20 

Figs.^andl ,—^Transverse section of the sarao . - . • . X 17 

Figs, 8, 0 and 10.—longitudinal sections of Neoschwagerina annos 

Volz, showing the varying size of the central chamber . X 10 
Fig, II.—Specimen shown in fig. 10 enlarged. The upper left-hand 
corner of the figure illustrates the peculiar grape-like sec¬ 
tion of the sept^ ........ X 20 

Fig, 12.^—Transverse section (not through the central chamber) of N, 
annes, showing tho large number (4 in the outer whorls) of 
auxiliary meridional septa. Tho extreme tenuity of the 
shell is also noticeable : it appears merely as a dark lino 
from which the septa depend. Both this figure and the 
next show the unusual thickness of tho primary meri¬ 
dional septa, a feature very characteristic of the species . x 23 
Fig, 13.—Transverse (equatorial) section through the central chamber 

of another specimen of N. annes, , , , • X 20 

Fig, 14.—Part of a very characteristic section of Ncoschwagorina lime¬ 
stone, containing N, annee : it shows a transverso section, 
a longitudinal (meridional) section through the central 
chamber, and an approximately longitudinal section 
slightly oblique to tho axis and at some distance from 
the central chamber • • • • . . . X 12 
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MISCELLANEOUS NOTES. 

Oil at Jaba, Mianwali District, Punjab. 

A mile and a half south of Jaba (Lat. 32° 52% Long. 71° 430 is 
a small gorge called Chhota KhaUja and two-thirds of a mile further 
is another such called Bara KhaUa- The brooks from these two 
unite to form the stream passing by Jaba. On the right bank of 
the former and on the left one of the latter, i. e., on the two 
flanks of the eminence between the two gorges, less than ten feet 
above the stream beds and in the upper 250 feet of +he upper or 
compact nummulitic limestone are to be found the oil-springs, seven 
in theCA^a and three in the Bara Khatta- One of the latter is 
altogether insignificant and the other two are only slightly less so. 

At all the ten the oil issues drop by drop from little crevices 
in the rock and is allowed to collect in sumps and from these to 
overflow into the streams where it is stopped by miniature dams. 
It is thence ladled out from time to time and stored in a 150 gallon 
tank, the monthly output being 50 gallons of a thick greenish-black 
sulphurous-smelling oil. 

Just a little west of the springs in the Chhota Khatta is a small 
subsidiary synclinal, followed on the east by a nearly flat anticlinal 
and this, in its turn, by a larger synclinal, about 450 feet from 
the smaller one and pitching to the north-east by north. Even this 
is nearly flat and narrow as the Siwalik rocks are to be seen dipping 
away close by and the ground here is very much disturbed. 

A syndicate who bored here for oil met at a depth of 117 feet 
with only a powerful spring of fresh water which rose to a height 
of five feet above the ground and drained dry both the “XAotfos,” 
and great hopes cannot be entertained for a copious flow of oil. 


[N. D. Daru.] 
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K \\\ Vreilcnburij pliolo. 0. S. /. Calcutta, 

HIPPURITES QOSAVIENSIS, Douvilfe. 

1, ti, f.—Anterior, posterior, and upper aspects of an almost complete lower valve. 

2. Polished surface of another lower valve. 

Both specimens from Koh-i-Narahu. 

(Natural size.") 
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K. \V. Vro^it-nbur!; phoio. G. S. f. Calcutta, 

PIRON^A PERSICA. nov. sp. 

1. Complete specimen with upper valve preserved. 

2. Fragment of a lower valve,—3, Polished section of another specimen. 

All three specimens from Koh-i-Narahu. 

(A'utural size.) 
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k. W. Vrotlcnburi; jihoto, '<• /• CaUttlta. 

■\ a ,—Cast of a Nerinea. 1 b. -Section of the same specimen. 

2.--Gen. indet, spec, indet. 

Both specimens from Koh-i-Maku. 

(Natural siztS) 
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11 . H. llayclcn pholo. 


AFGHAN FUSUUNID>t. 
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lit II, Ilayrlen photo. 


AFGHAN FUSULINIO>E. 
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AFGHAN FUSULINID^ 
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Part 9 (out of 'print ).—Hocks of the Lower Godavari. * Atgarh Sandstones ’ near Cuttack. 
Fossil floras in India. New or rare mammala from the Siwaliks. Arvali series in 
North-eastern Rajpuiana. Borings for coal in India. Geology of India. 

Part S {out of print ).—^rertiary zone and underlying rocks in North-west Piinjab. Fossil 
floras in India. Erratics in Potwar. Coal explorations in Darjiling diblriet. Limo- 
Btones in neighboarhood of Harakar. Forms of blowing machine usocl by emitlis of 
Upper Assam. Analyses of Raniganj coals. 

Part —Geology of Mahanadi basin and its vicinity. Diamonds, gold, and lead ores of 
Sambalpnr district. ‘ Kryon Comp. Barrovensis,' McCoy, from Snpetmatur^ g*‘oup 
near Madras. Fossil floras in India. The Blaini group and ‘ Central Gneiss * in 
Simla Himalayas. Tertiaries of North-West Punjab. Genera Choiromeryx and 
Hhagathorium. 

Vot. XI, 1878. 



Part 1 .—Annual 
Wardiia and 
Siwalik mammals. 

Punjab.* 

Part 3 .—Geology of Sind (socond notice). Origin of Kumaun lakes. Trip over Milam 
Pa&a, Kumaun. Mud volcanoes of lUmri and Choduba. Mineral rosoureos of Eamri, 
Chediiba and adjacent islands. 

Part 3 .—Gold industry in Wynaad. Upper Gondwana series in Trichinopoly and Nellore* 
Klstna districts. Senannontitc from Sarawak. 

Part ^.—Geographical distribution of fossil organisms in India. Submerged forest on 
Bombay Island. 

VoL. XTT, 1879. 

of Kashmir (third notice). Siwalik mammalia, 
langraiig and Spiti. Mud eruption in llamri Island 
Tdouite, from Nagpur. Central Provinces. Pula3ontologi- 
Coal importations into India. 

^Sut e with Psilomelano at Gosalpur, Jabalpur district, 
aissance froiirtTOus at Kushalgarh t<o Kurram at Thai on Afghan 
logy of Upper Punjab. 


Part 7 .—Annual ropovt for 187d 
Siwalik birds. Tour thvf.'.; 
(Arakan). Braiinilo, will 
cal notes from Satp ura ^ 
Pari S .—Mohpani 
GoologicaJ 
front ior .,1 


Part S. —fh^pgical features of northern Madura, Pudnkota State, and southern parts of 
'i'aujo’ji^nd 'rricliinopoly districts included within limits of sheet 80 of Indian Atlas. 



from Khasi Hills. Jug;i noighbourhowl .and old niinc.«i on Nerbtidda. 


Part 4.'“' Attock Slates ' and Ihcir probable geological position. M.'trginal bone of undo- 
scribed ttirtoise, from Upper Shvaliks, near Nila, in Potwar, Punjab. Geology of 
North Arcot district. Hoad section from Murree to Abbottabad. 


VoL. XIII. 1880. 

Part 1 .—Annual report for 1079. Geology of Upper Godavari basin in neighbourhood of' 
Sironcha. Geology of T^adak and iicigbboiiring districts. Teeth of fossil fishes from 
Ramri Island and Punjab. Fossil genera Noggerafhi.i, Stbg., Ndggorathiopsis, Fstin., 
and Rhiptoznmites. Schmalh., in paleozoic and secondary rocks of F#urof>e, Asia, and 
Australia. Fossil plants from Kuttywar, Shokh Budin, and Sirgujah. Volanic foci 
of eruption in Konkan. 

Part S .—Geological notes. Paleontological notes on lower trias of Himalayas. Artesiati 
wells at Pondicherry, and possibility of finding sources of water-supply at Madras. 

Part 3 .—Kumaun lakes. Celt of pa-beolitbic type in Punjab. Palieontological notes from 
Karbarbari and South Hew’a coal-ficldB. Correlation of Gondwana floi-* wHli other 
floras. Artesian welh at Pondicherry. Salt in Ra jputana. Gas and mud eruptions 
on Ar.ikan coest on 12th March 1879 and in June 1843, 

Part k .—Pleistocene deposits of Northern Punjab, and evidence they afford of extreme 
climate during portion of that period. Useful minerals of Arvali region. Correlation 
of Gondwana flora ivith that of Australia coal-bearing system. Reh or alkali soils 
and saline well waters. Reh soils of Upper India. Nairn Tal landslip, 18th SeDtem- 
berl880, 

VoL. XIV, 1881. 

Part f.—Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbour¬ 
ing dUtricts. Siwalik carnivora. Siwalik group of Sub-Himalayan region. South 
Rewoh Gondwana basin. Ferruginous beds associated with basaltic rocks of north¬ 
eastern Ulster, in relation to Indian latorite. Rajmahal plants. Travelled blocks of 
the Punjab. Appendix to * Palaeontological notes on lower trios of Himalayas.* Mans' 
malian fossils fn^ Perlm Island. 



Part f.—Nahan-Siwalik unconformity in North-Weatern Himalaya. Qondwana verte¬ 
brates. Ossiferous beds of Hundes in Tibet. Mininff records and mining record office 
of Great Britain; and Cool and Metalliforoua Mines Act of 1872 (England). Cobaltite 
and danaite from Khetri mines, Hajputana; with remarks on Jaipiirlte (^yepoorite). 
Zinc-ore (Smithsonite and Blende) with barytes in K.arnul district, Madras. Mud 
eruption in island of Cheduba. 

Part d.—Artesian borings in India. Oligoclaso nanite at Wangtu on Sutlej, North-West 
Himalayas. Fieh palate from Siwaliks. Paieeontological notes from Hazaribagh and 
Lohardagga districts. Fossil carnivora from Siwalik hills. 

Part 4'—Unification of geological nomenclature and cartography. Geology of Arvali region, 
central and eastern. Native antiTnony obtained at Pulo Obin, near Singapore. Tur- 
gite from Juggianett, Kistnah district, and zinc carbonate from ICarnul, Madras. 
Section from Ilalhousie to Pangi, vtd Sach Pass. South llewab Gondwana basin. 
Submerged forest on Bombay Island. 

VoL. XV, 1882. 

Part f {out of print). —Annual report for 1801, Geology of North-We^^t Kashmir and 
Khagan. Gondwana lahyrinthodonta. Siivalik and Jamna mammals. Geology of 
Dalhousie, North-West Himalaya. Palm leaves from (tertiary) Mnnce nnd Kas^auli 
beds in India. Iridoamino from Noa-Dihin", river, ITpiJor A^s^lra, and Platiniim from 
Cliiitia Nagpur. On (1) copper mine near Yongii hill, Darjiling district; (2) arsenical 
pyrites in aamo neighhourhood j (3) koalin at Darjiling. Analyses of coal and fire-clay 
from Makum coal-RoUl, Upper >\s»nin. FxperinicDtg on (oal of Find Dadiin Khan. 
Salt-range, wdth r(‘fercT»co to prodnetton oF gas, nia<’ A}>ril 29lh, 1881. Proceedings 
of International Congress of Bologna. 

Part S {out of print). —Oecdogy of 'IVavaiicore Sta. rkilli beds and reported asso¬ 
ciated deposits at Qnilon, in Travam-oi*©. Riwalik 'laibnda fossils. Coal-bearing 

rocks of Upper Rcr and Matid rivers in WcBtorn <, Nagpur. Punch river coal¬ 
field in Chhindwara district. Central Proxdnres. ’ , coal tit Eng?-ein, British 

Burma. Sapphires in North-Western Himah oiruptjoii * nuid volcanoes in 
Cheduba. 

Part .f.—Coal of Afach (Afiich) in Bolan Pass, and of Sharigh on Harn. uitc between 
Sibi and Quetta. Crystals of stilbite from Western Ghats, Bombay. Ti ^ of Dareng 
and Mandi in North-Western Hi.malayas. Connexion betw'ecn Hazara a ^ Ka.shmir 
series. Umaria coal-field (South Kewah Gondwana basin). Daranggiri ■•oal-Geld, 
Oaro Hills, Assam. Coal in Myanoung division, Henzada di.‘^trict. 

Part {out of prini).-—Gold-fields of Mysore. Borings for coal at Boddadanol, Godavari 
district, in 1874. Supposed occurrence of (X>al on ilistna. 

• VoL. XVI, 1883. 

Part 1, —Annual report for 1882. Uichthofenia, Kays (Anomia Tjawrenriana, Koninck). 
Geology of South Travancore. Geology of Chamba. Basalts of Bombay, 

Part j?.—Synopsis of fossil vertebrate of India. Bijori Labyrinlhodont. Skull of Hippo- 
therium antilopinum. Iron ores, and subsidiary materials for manufacture of iron, in 
north-eastern part of Jabalpur district. Lntcrite and other manganese-ore occurring 
at Gosulporo, Jabalpur district. Umni'ia coal-field. 

Part S, —Microscopic structure of some Dalhousie nxka. Tiavas of Aden. Probable occur¬ 
rence of Siwalik strata in China and Japan. Af.astodon nngustidenB in India. Traverse 
between Almora and Mussooree. Cretaceous coal-measures at Borsora, in Khasia Hillo, 
near Laour, in Sylhet. 

Part 4-—Palflcontologiral n<»tca from Daltimganj and Hutar coal fields in Chota Nagnur. 
Altered basalts of Dalhousie region in North-Western Tfimalnyss. Microscopic struc¬ 
ture of some Sub-Himalnynn rocks of tertiory age. Geolo^jy of J.'iunsnr .4nd Lower 
Himalayas. Traverse through Eastern Khasia, Jaintia, and North Oachar Hills. 
Native lead from Maulmain and chromite fmm the Andaman Islands. Fiery eruption 
from one of mud volanoes of Cheduba Island, Arakan. Irrigation from wells in 
North-Western Provinces and Oudh. 

VoL. XVII. 1884. 

Part 1- —Annual report for 1883. Smooth-water anchorages or mud-banks of Narrakal and 
Alleppy on Travancore coast. Billa Surgam and other oaves in Kurnool district. 
Geology of Ghuari and Sihunta pargan-'.s of Chamba. Lyttonia,, Waagen, in Knling 
series of Kashmir. 

Part S, —Earthquake of 31st December 1881 Microscopic structare of some Himalayan 
granites and gneissose granites. Choi coal exploration. He-discovery of fossils in 
Siwalik beds. Mineral resources of the Andaman Islands in neighbourhood of Port 
Plair. Intertrappean beds Deccan and Laramie group in W<, *'tern North America. 
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S [out of print ).—Microscopic structure of some Arvali rocks. Section along Indus 
from I’esiiaMrar Valley to SaJt*range. Bites for boriiig in Uaigarh-Hingir coal-field 
(first notice). Lignite near Baipore, Central Provinces. Turquoise mines of NishapOr^ 
KhoroMan. Fiei^ eruption from Minbyln mud volcano of Oheduba Islimd, Ai&kan. 
I<angrin coal-field^ South-Western KhaSia Hills. Umaria coal-field. 

Part of part of Gangasulon pargana of British Garh^ral. Slates and schists 

imbedded in gneissose granite of North-West Himalayas. Geology of 7'akht-i>Bulei- 
man. Smooth-water anchorages of Travanoore coast. Autiferous sands of the Subau- 
siri river. Pondicherry lignite^ and phosphatic rocks at Musuri. Billa Burgam ^.aves. 


Von. XVIII, 1885. 

Part 1 ,—Annual report for 1884. Country between Singarens coal-field and Kistna river, 
(^ological sketch of country between Siugareni coal-field and Hyderabad. Coal and 
liniostone in Doigrung river near Golaghat, dijsam. Hoinota^Is, ns illustrated from 
Indian formations. Afghan field notes. 

Part 2 .— Fossil if eious series in I#ower Himalaya, Garhwal. Age of Mandhali series in 
Lower Himalaya. Siwalilc camel (Camolus Autiquns, nobis ex Falc. and Caut. AISS. 
Geology of Ghamba. Probability of obtaining water by meaus of artesian wclla in 
|)laina of Upper India. Artesian sources in plains of Upper India. Geology of Aka 
Hills. Alleged tendency of Arakan mud vulcanoes to bujst into ei-ut^tiou most 
frequently during rains. Analyses of phosphatic nodules and rock from Mussooree. 

Part 3 .—Geology of Andaman Islands. 'Aird species of Merycopotanius. Percolation as 
affected by current. Pi^alJa and Chandpur meteorites. Oil-wells and coal in 
Thayetmyo district, Briti.;413urn^ Antimony dojjosits in ATaiilmain district. Kash¬ 
mir earthquake of 30th Bengal earthquake of 14th July 1885. 

Pari <}oologlcAl work iPi ^xtiegarh division of Central Provinces. Bengal earth* 
quake of 14th July ^asbmir earthquake of 30th May 1885. Excavations iA 

Billa Snrgam cav es_ Babetznahet meteorite. 

VoL. XIX, 1886. 

Part 1. — JIKual report for 1885. International Geological Congress of Berlin. PalwoTioic 
Fos^P^ in Olive group of Salt-range. Correlation of Indian and Australian coal- 

Pari 

basin in Singpho Hills. Microscopic characters of eruptive rocks from Central Hinii^ 
lavas. Mammalia of Earnul Caves. Prospects of finding coal in Western Kajputaim. 
Olive group of Salt-range. Boulder-bods of Salt-range. Gondwana Homotaxis. 

Part S .—Gfeologinal sketch of Vizagapatam district, Madras. Geology of Northern Jesal- 
mer. Microscopic structure of Malaiui rocks of Arvali region. Malanikhandt copper- 
ore in Balaghat distri'^t, O. P. 

Part 4 {out of print ).—Petroleum in India. Petroleum exploration at Khalan. Boring in 
Chluiitiagarh coal-fields. Field-notes from Afghanistan : No. 3, Turkistan. Fiery 
eruption from one of mud volcanoes of Ohoduba Island, Arnkan. Naminianthal 
aerolite. Analysis of gold dust from Meza valley, Upper Burma. 



Von. XX, 1887. 


Part 7.—Annual refiort for 1886. Field-notes from Afghanistan : No. 4, from Turkistan 
to India. Physical geology of West Bvitish Garhwaij with notes on a route traversed 
through Jaiinsar-Bawar and Tiri-Garhwal. Geology of Oaro Hills. Indian image- 
stones. Bounding.** recently taken off Barren Island .and Narcondam. Talchir boulder- 
beds. Analysis of I hosphatie Nodules from Salt-range, Punjab. 

Pari S ,— FobbU vertebrata of India. Echinoidca of cretaceous scries of Lower Narbada 
Valley. Field-nutes : No. 6-“-to accompany geological sketch map of Afghanistan and 
North-Eastern Khorassan. Microscopic strwture of Rujmnlml and Deccan traps. 
Dolerite of Ohor. Identity of Olivo series in oast with speckled sandstone In west of 
6'alt-ran^e in Punjab. 

■Part J.—-Retirement of Mr. Medlicott. J. B. MushketofTV Geology of Russian Turkistan 
Crystalline and metamorphic rocks of Lower Himalaya, Garhwal, and Kumaun, Sec¬ 
tion 1. Geol(^y of Simla and Jutogh. * Lalitpur ’ meteorite. 

Part f ,—Points in Himalayan geology. Crystalline and metamorphic ro<*ks of Lower 
Himalaya, Garhwal, and Kumaun, Section II. Iron Industry of western portion of 
Raipnr. Notes on Upper Burma. Boring exploration in Chhattii-garb coal-fields. 
(Second notice)^ Pressure Metamorphism, with referenco to foliation of Himalayan 
Gneissose. Grai^fe. Papera on Himalayan Geology and Microscopic Petrology. 
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VoL, XXI, 1888. 

ifatt, l ,—Anneal rcLuit for 1887. Crystalline and metamorphic rocks of I^^er Hmalaya^ 
Qarhwal, and Kumaim, Section III. Birds'-nefit of Elephant Island, Mergui Ax<^* 
pelago. Exploration of Jessalmer, with a view to discovery of coal. Facetted pebble 
irom boulder bed (* speckled sandstone ’) of Mount Chel in Saltrrange, Punjab. 
Nodular stones obtained off Colombo. 

Pati —Award of Wollaston Gold Medal, Geological Society of London, 1888. Dharwar 
System in South India, Igneous rocks of Kaipur and Balaghat, Central Provinces. 
Sangar ftlarg and ]Mehowgale coal-iieids, Kashmir. 

Part y.*—Manganese Iron ana Manganese Ores of Jabalpur. * The Carboniferous Glacial 
Period.’ Pre-teitiary sedimentary formations of Sin^ region of Lower Himalayas. 

Part — Indian fossil vertebrates. Geology of NoHh-Weat Himalayas. Blown-sand rock 

sculpture. Nummuhtes in Zanskar. Mica traps from Barakar and Itaniganj. 


Voh. XXII, 1889. 

Part 1 {out of print ).—^Annual report for 1888. Dharwar System in South India. Wajra 
Karur diamonds, and M. Chaper’s alleged discovery of diamonds in pegmatite. 
Generic position of so-called Plesiosaorua Indicus. Flexible sandstone or Itacolumite, 
its nalai'e« mode of occuironce in India, and cause of its flexibility. Siwalik and 
Narbada Ohelonia. 

Part S .—Indian Steatite. Distorted pebbles in Siwalik conglomerate. ‘ Carboniferous 
Glacial Period.* Oil-fields of Twiugoiing and Bemo, Burma. Gypsum of Nehal Nadi, 
Kumaun. Materials for pottery in neighbourhood of ^ .balpiir and Umaria. 

Part S .—Coal outcrops in Sharigh Valley, B*'duch. ^an. ilobites in Neobolus beds of 

Salt-range. (reoIogif;al notes. Cherra Poonjee c 1, in Khasia Hills. Cobalti- 

ferous Matt from Nopdl. President of Geological & ^ of London on International 

Geological Congress of 1888. Tin-mining in Mergui d S 

Part 4 {out of p/-i/u!).--’T.and-t<irtoisos of Siwaliks. P '''iiiiiaant from Siwaliks. 

Assays from Sambhar Salt-Lake in Rajputana. ..iganifcrouft '’ ■»« '»nd Manganese 
Ores of Jabalpur. Palagonite-bcaririg traps of tt.'iimah.'U hills a. 'ocean. Tin- 
smcltiug in Malay Peninsula. Provisional Index of Local Distribution . ' Important 
Minerals, Miscellaneous Minerals, Gem Stones and Quarry Stones in Im. ’n Empire. 
Part 1. ' 


VoL. XXni, 1890. 


part 1 .—Annual report for 1889. Lakadong coal-fields, Jaintia Hills. Pectoral and pelvic 
girdles and skull of Indian Dicynodonts. Vertebrate romains from Nagpur district 
(with description of fish-skull). Crystalline and metamorphic rocks of Lower Hima¬ 
layas, Garhwal and Kumauu, Section IV. Bivalves of OJivc-group, Salt-range. 
Mud hanks of Travancoro coasts. 

Part 2 {out of print ).—Petroleum explorations in Karnai district, Baluchistan. Sapphire 
Minos of Kashmir. Supposed Matrix of Diamond at Wajra Karur, Madras. Sonapot 
Gold field. Field notes from Shan Hills (Upper Burma). New species of Syring- 
oaphseridso. 

Part S (out of prmi).—Geology and Economic Resources of Ooimtry adjoining Sind-Pishin 
Railway between Sharigh and Spintangi, and of country between it and Khattan. 
Journey through India in 1888 89, by Dr. Jobann^ Walther. Coal-fields of f.airungao, 
Maosandrani, and Mao-bolar-kar, in the Khasi Hills. Indian Steatite. Provisional 
Index of Local Distribution of Important Minerals, Miscellaneous Minerals, Gem 
Stones, and Quarry Stones in IncUfin Empire. 

Part 4 {out of pfiui).-^Geological sketch of Nairn Tal; with remarks on natural conditions 
governing mountain slopes. Fossil Indian Bird Bones. Darjiling Coal between Lieu 
and Ramthi jivers. Basic Eruptive Rorke of Kadapah Area. Deep Boiing at Luck¬ 
now. Coal Seam or Dore Ravine, Hazara. 


VoL. XXIV, 1891. 

Part 7.—Annual report for 1890. Geology of Salt-range of Punjab, with re-considered 
theory of Origin and Age of Salt-Mart. Graphite in decomposed Gneiss (Laterite) in 
Cevlon. Glaciers of Kemru, Pandim, etc. Salts of Sambhar Lake in Rajpniana, and 
‘ Reb ’ from Aligarh in North-'Westem Provinces. Analysis of Dolomite from Salt- 

nei^ Moffbal Kot, in Sherini country, Suleiman Hills. Mineral Oil from 
Suleiman Hills. Geology of Lushai Hills. Coal-fields in Northern Shan States. 
Beoorted Namsika Ruby-mine in Maingl6n State. Tourmaline (Schorl) Mines in 
Mainglon State. Salt-spring near Bawgyo, Thibaw State. 
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Part 5 (out of print ),—Boring in Daltongimj Coal-field, Palumow. Death of Dr. P, Martin 
Duncan. Pyroxeiiic vaneliea of Onoisia and Scapolitc-bearing Hocka, 

Part —Mammalian Honea from Mongolia. Darjiling Coal Exploration. Geology and 
Mineral lioeourcea of Bikkim. Hocka from the Bait-range, Punjab. 

Von- XXV, 1892. 

Fart 1 ,—^Annual report xor 1891. Geology of Thai ChotiAli and part of Man country. 
Petrological Notes on Boulder-bed of Salt-range, Punjab. Sub-recent and Recent- 
Deposits of valley plains of Quetta, PUhin, and Dasbt-i-Bedaulut; with appendices on 
Chamans of Quetta; and Artesian water-supply of Quetta and Pixhin. 

Part S (out of print).—Oeoif^y of Safed Koh. Jhenia Coal-field. 

Fart S, —Loc^ility of Indian Tscheffkinite. Ge*)Iogical Sketch of country north of Bhamo. 
Econouiic resources of Amber and Jade mines area in Upper Burma. Irun-ores and 
Iron Industries of Salem District. Hiebcckite in India. Coal on Groat Tenasserim' 
River, Lower Burma. 

Pari 4 ’—Oil Springs at Moghal Kot in Shiraui Hills. Mineral Oil from Suleiman Hills. 
New Amber-lika Resin iu Burma. Triassic Deposit^i of Salt-range. 


VoL. XXVI, 1893. 

Pari 1. —Annual report for 1892. Central Mimalayae. Jadeite in XJi>por Burma. Bur- 
mite, new Fossil Resin from Upper Rurma. Prospecting Operations, Mergui District, 
1891-92. 

Pari y.—Earthquake in BalucVfetan on 20th December 1892. Burmite, new amber-lihe 
fossil resin from Upper B^^a. j^lnvial deposits and Subterranean water-supply of 
Rangoon. ^ ' 

Part S. —Geology of Sherani- Carboniferous Fossils from Tenasserim. Boring at 

Chandemagore. Oranit ravoy and Mergui. 

Part Jf .—Geology of coun^ ^ ''nn Cluippar Rift and Harnai in Baluchistan. Geology 

of part of Tc '-Jt sfHicial lefcrcnce to 'rendau-Karaapyiug Coal-field. 

Magnetit.c'* ;^«aining Manganese“llud Ahmiina. Hisloplte. 

'y Von. xxvn, 1894. 

Part 7.--jjflninial report for 1893. Bhaganwala Coal-field, Salt-range, Punjab. 

Part S. —Petroleum from Burma. Singareui Coal-field, Hyderabad (Deccan). Gohn% 
Landslip, Garhwal. 

Part 9 .—Cambrian Formation of E.^stern Salt-range. Giridih (Karharbari) Coal-fields. 
Chipped (?) Flints in Upper Miotxme of Riirmn. Vclatcs Schmideliana, Chemn., and 
Provelates grandis. Sow. sp,, in Teriinry Formation of fiulhi and Burma. 

Part 4 . —Geology of Wuntho in Upper Burma. Fchinoids from Upper Cretaceous System 
of Bal^<hi^^tan. Highly Phosphiitir Mica Peridotites intrusive in Lower Oonawana- 
Rocks of Bengal. Mica-Hypersthcne-Hornblende-Pcridotite in Bongal- 


VOL. XXVItI, 1895. 

Part 1 ,—^Annual report for 1894. Cretaernus Fonnation of Pondicherry. Early allasioit 
to Barren Island. Bibliography of Barren Island and Narcondam from 1884 to 1894. 

Part y.—Cretaceous Rocks of Southern India and geographical conditions daring later 
cretaceous time.*!. Experimental Boring for Petiolcnni at Sulckur from October 18® 
to March 1895. Tertiary systom in Burma 

Part $.—.Tadeile and other rocks, from Tnmmaw in Upper Bnnna. Geology of Tochi 
Valley. Lower Gondwanas in Argentina. 

Part 4 ‘—Igneous Rocks of Giridih (Kurhurbaree) Coal-field and their Contact Effect*. 
Vindhyan system south of Souo and their relation to so-called Lower Vindhyane, 
Lower Vindhyan area of Sone Valley. Tertiary system in Burma. 

a 

Vot. XXIX, 1896. 


Part /.--"Annual roport for 1895. Aciculsr inclusions in Indian Garnets. Origin and 
Growth of Oametp .and of their Micropegmatitio intergrowths in Pyroxenio rocks. 

Part —Ultra basic rocks aud derived minerals of Cluilk (Magnesite) hills, and other 
localities near Salem, Madras. Corundum loralities in Salem and Coimbatore districts, 
Madras. Corundum and Kyanito in Manbhum district, Bengal. Ancient Geography 
of Goodwanaland.’* Notes. 

Part J.""Iane^>UB Rocks from the Tochi Valloy. Notes, 

Part Steatite mines. Minbn district, Burma. Ixiwor Vindhyan (Sub-Kashmir) area of 
Sone VoUoy, Reyah. Notes. 
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Vot, XXX, 1897. 

•Part 1 .—Annual report for 1896. Norite and aesociated %aaic Dykes and Xjava-flows in 
Southoin India. Qenus Vertebraria. On (Uossopieria and Vertebraria. 

Part B ,—Cretaceous Deposits of Pondicherri. Notes. 

Part S .—Flow structure in igneous dyke. 0]ivine>norite dykes at Coonoor. Excavations 
for corundum near Falakod, Salem District. Occurrence of coal at Palana in Bikanir. 
Geological specimens collected by Afghan-Baluch Boundary Commission of 1896. 

Part .^.-“NemaKte from Afghanistan. Quartz-barytes rock in Salem District, Madras 
Presidency. Worn femur of Hippopotamus irravadicus, Caut. and Falc., from Lower 
Pliocene of Burma. Supposed coal at Jaintia, Baxa Duars. Percussion Figures on 
micas. Notes. 

Vot. XXXI, 1904. 


Part 1 {out of prini).““Prefatory Notice. Copper-ore near Komai, Darjeeling district, 
Zewan beds in Vibi district, Kaslunir. Coal deposits of Isa Khel, Mianwali district, 
Punjab. Um-Kileng coal-beds, Assam. Sapphirine-boaring rock from Vizagapatam 
district. Miscellaneous Notes. Assays. 

Part S {out of print). —]A.-Genl. C. A, McMahon. Cyclobns Haydeni Diener. Auriferous 
Occurrences of Chota Nagpur, Bengal. On the feasibility of introducing modern 
methods of Coke-making at East Indian llailway Collieries, with supplementary note 
by Director, Oeological Survey of India. ^lisoellaneoTis Notes. 

Part S (out of print ).—Upper Palaeozoic formations of Eurasia. Glaciation and History 
of Sind Valle^r. Halorites in Trias of Baluchistan.^ Geology and ^tineral Resources 
of Mayurbhanj. Miscellaneous Notes. 

Part i (out of print ).—Geology of Upper As^Uv- / riferoiis Occurrences of Assam, 
Curious occurrence of Scapolite from Madras Pre. L Miscellaneous Notes. Index. 

Von. XXXII, 1905. N 


Part 1 {out of print ),—Review of Mineral Prodiu . ot India ^.898—^1903. 

Part 2 (out of print ).—General report, April 1903 to December 1904. 'oiogy of Pro¬ 
vinces of Tsang and 0 in I'ibet. Bauxite in India. Miscellaneous k. ' 

Parts (out of print ),-—Anthrnrolithic Fauna from Subiinsiri Gorge, Ab.Elophas 
Antiqiiua (Namadiciis) in Godavari Alluvium, Tiiassic Fauna ot TropitL> Limestone 
of Byans, Ainblygonite in Kashmir. Miscelhineous Notes. ^ 

Part 4»~~^bituary notic^es of IL B. Mcdlioott and W. T. Blanford. Kangra Earthquake 
of 4th April 1905. Index to Volume XXXll. 


Vot,. XXXril, 1906. 

Part 1 {out of prinf).—Mineral Production of India during 1904. Pleistocene Movement in 
Indian Peninsula. Recent Changes in Course of Nani-Lu River, Northern Shan States. 
Natural Bridge in Gokteik Gorge. Geology and Mineral Resources of Nartiaul Dis¬ 
trict (Patiala State). Miscellaneous Notes. 

Part $ (out of print ).—General ref>ort for 1905. Lashio Coal-field, NoHliorn Shan States. 
Narnma, Mansang and Man-so-le Coalfields, Northern Shan States, Burma. Mis* 
cellanoours Notes, 

Part 3 {out of pfint ).—^Petrology and Manganose-ore Deposits of Sausar Tahail, Chhind* 
wara district, Central Provint^es. Goology of part of ^ alley of Kanban River in 
Nagpur and Ohhinclwara districts, Central Provinces. Manganito from Sandur Hills. 
Miscellaneous Notes. 

Part ^ {out of print ).—Composition and Quality of Indian Coals. Classification of the 
Vindhyan System, Geology of State of Fauna with reference to the Diamond- 
bearing Deposits. Index to Volume XXXiil. 

Vot. XXXIV, 1906, 

Part J.—Fossils from Halorites Limestone of Bambanag Cliff, Kumaon. Upper-Triassic 
Fauna from Pishin District, Halachistan. Geology of portion of Bhutan. Coal O^ur* 
rences in Foot-hills of Bhutan. Dandli Coal-field : Coal outcrops in Kotli Tehsil of 
Jammu State. Miscellaneous Notes. 

Part S (out of print ).—Mineral Production of India during 1905, Nummulites Douvillei, 
with remarks on Zonal Distribution of Indian Nummulites. Auriferous Tracts in 
Southern India. Abandonment of Collieries at Warora, Central Provincefev Mis¬ 
cellaneous Notes. 

Part ,1—Explosion Craters in Lower Chindwin district, Burma. Lavas of Pavagad Hill. 
Oibbsite with Manganese-ore from Talevadi, Belgaum district, and Oibbsite from 
Bhekowli, Satara District. Classification of Tertiary System <n Sind with reference 
to Zonal distribution of Eocene Echinoidea. 


-pari ^ {out oj pnnt). —Jaipur and Nizira Coal fields, Upper Assam. Makum Coal fields 
betwMn Tirap and Namdang Streams. Kabat AuticLlne, near Seiktein, Myingyan 
di8^^. Upper Burma. Asymmetry o£ Yenangyat-Singu Anticline, Upper Burma, 
part of Uwegyo Anticline, Myingyan District, Upper Burn)a. Breynia 
Multituberculata, from Mari of Baluchistan and Bind, index to Volume XXXIV. 

Vot. XXXV, 1907. 

Pint 1 {out of prinf),—General report for 1906. Orthophragmina and LepidocycUna in 
Nummulitio Series. Meteoric Shower of 22Dd October 1903 at Dokdchi and neighbour' 
hood, Dacca Dietiict. 

Part 2.—Indian Aerolites. Briue-wells at Bawgyo, Northern Shan States. Gold-hearing 
Denosite of Loi Twang, Shan States. Physa Prineepii in Macstiichtian strata of 
Baluchistan. MiscelJaneous Notes. 

Part $,—Preliminary survey of certain Glaciers in North-West Himalaya. A.—Notes on 
certain Glaciers in North-West Kashmir. 

Part Preliminary survey of certain Glaciers in North-West Himalaya. B.—Notes on 
certain Glaciers in Lanaul. C.—Notes on certain Glaciers in Kumaon. Index to 
Volume XXXV. 

Von. XXXVI, 1907-08. 

Part f.—Potrological Study of Rocks from hill tracts, Vizagnpatam district, Madras 
Presidency. Nepheline Syenites from hill tracts, Vizagapatam district, Madras Presi¬ 
dency. Strati graphical Posit^n of Gangamopteris Bods of Kashmir. Volcanic out- 
bursty of Late 7'ertiary, Age §2!^^ Hsenwi, N. Shan States. New suidro from 
Bugti Hills, Baluchistan. P ” "^fTboniferous Plants from Kashmir. 

Part —Mineral Production ,■ during 1906. Ammonites of Bagh Beds. Mis¬ 

cellaneous Notes. 

Part 3. —Marine fossils in jjtng oil-field, Upper Burma. Fresh-water sheila of 

genus Batissa^n y;>aji'gyjnfrt|Er. J d. Upper Burma. New Species of UondrophylUa 
from UpiKJr ' of Burma. Sffucturo and age of Taungtha hills, Myingyan dis¬ 

trict, ITp^' ijUrma. Fossils from Sedimentary rocks of Oman {Arabia). Rubies in 
Kachin V ,3, Upper Burma. Uretaccous Gebitoides of India. Two Calcutta Earth¬ 
quakes ^^906. Miscellaneous Notes. 

Part ff. —-lyeiido-Fnooids from Pab sandstones at Fort Munro, and from Vindh 3 *nn series. 
Jadeite in Kachin Hills, Upper Burma. VVotchok-Yedwet Pegu outcrop. ITagwo dis¬ 
trict, Upper Burma. Group of Manganates, coinprisiiig Hollauditc, Psilomelane nnd 
Coronadite. Occurrence of Wolfram in Nagpur district, Central Piovinccs. Mis- 
cellaneotus Notes, Index to Volume XXXVI. 

VoL. XXXVTI, 1908-09. 

Port 7. —General Report for 1907. Mineral Piodu.-tioii of Jndii iluriug 1907. Ocuiirouce 
of striated boulders in Blaini fonmiHon of Simla. Misivllaueous Notes, 

'^arf. 5.—Tertiary and Post-Tertiary Freshwater Deposits of Bnlncbistan and Sind. 
Gwlogy and Mineral Resources of Rajpipla State. Suitability of sands in Rajniahal 
Hills for glass manufacture. Three new Mangani?se-bc;(riTig minerals :—Viedcnbnrgite, 
Sitaparite and Juddite. Laterites from Central Provinces. Misccllancons Note?. 

Part J.—Southern part of Gwegyo Hills, including Payiigyigon-Ngnshandnung Oil-fiehh 
Silver-load mines of Bawdwin, Northern Shan States. Mud voleiiuoos of Arulcad 
Coast, Burma. 

Part 4'—'Gypsum Deposits in Uamirpnr district, United Provinces. Gondwanas and 
related marine .■^dimentary systorn of Kashmir. j\ri/?follaueoue Notes. Index to 
Volume XXXVII. 


VoL. XXXVIir, 1903. 

Part 1 ,—General Report for 1908. Mineral Production of India during 1908. 

Part 3 ,—Occurrence of Ostrea laiimarginata, a chanu tcristir (hij .spe* ics, in Veuang- 
yaung Stage '' of Burma, ('hina-duy and I’ice cUiy dopo.sit.p in Riijmahsl Hills. 
Occurreneo of coal at Oilhiirria in Rajmahal IlilK. Pegu Inlicv at Onrlwe. Magwe 
District, Upper Burma. Origin of Salt I)<'i>^>siTs of Rajputana. Miscellaiicoufi Notes. 


The price fixed for these publications is 1 rupee (Is. 4(/.) each part, or 2 rupees (2y, 8d.) 

each volume of four parts. 
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Vol. 3. Econoxtuo Geology^ Byy. Ball (out 0 /j?riftt)»' ■ ' i* 

Vol. 4. Mineralogy. By F, B. Mallot. Brice 2* rnp^, ^ * 

A Maui:£al of the Gebragy of India, 2nd edition* By B. !>.' Oidham 

A Maooal of Geology of India, Kconomic Geology, by. the late Prof, V* Bwl, 2nA 
edition, revised in parts.. 

Part 1.—Oorundtnh; By H. Holland (1898). Price 1 nipee. 

Popular guides to the Geological collections In the, Indian Museum, Oalcntte-^ 

No. f. Xertia^ vertebrate animals. By U-. Lydeltker (1879) (out of pnnt). 

No. 2 Minerva. By F. R. MaUet (18TO) {out of print). , 

No. 3. Meteorites. By F. Fedden (1880) (out 0 /print). „ 

No. 4., Palaeontological collections. By 0. Feistoantel {1881). Price 2 annas. 

No. B. Economic mineral products. By F. R. Mallet (1883) (out print). _ _ 
An introduction of the Chemical and Physical study of Indian Minerals. By X. H. ' 
Holland (1896) {out of print). 

Oataloffue of the remains of Siwalik Vertobrata contained in the Geolo^gical Department of 
the Indian Museum. Bv E. Lydekkor, Pt, 1. Mammalia (1885). Price 1 rupee. 
Pi. XI. Aves, ReptiUa, and Pisces (1886). Price 4 aunas. * • j 

Catalogue of the remains of Pleistocene and Pro- Historic Vertobrata contained m the 
Q^logicol Department of the Indian Miiseura. By B. Lydokker (1886). Price 4 

BibbwW of Indian Geology. By R. D P"*:® 1 

Bepors on Uie geological strui’turo and stability oi ^ slopes around Naini Tal. Bj^i 
T. H. Holland (1897). Price 3 rupees. y, 

Geological map of India, 1893. Scale 1—96 miles 
General Report fox the period from 1st January 
General Report for the year 1898-99 (out of ,)'<■« t 
General Report for the year 1^1^. Tnce 1 rupee. 

General Report for the year 1900-1901. Pneo 1 rupee. 

General Report for Uie year 1901-1902. Price 1 rupee. 

General Report for the year 1902 1903. Pnoe 1 rupee. . „„„ i i, 

^St^teTnd ^de» to Bieorde, Vole. I XX and Vols. XXl-XXX. Price 1 lUi.ao each, 
intent, and index to Memoirs, 1859-1883. (First twenty voloine.-). Price 1 rupee. 
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1898. Price 1 rupee. 
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